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TARGET AND BACKGROUND CAI'TURE
METHODS WITH AMPLIFICATION FOR
AFFINITY ASSAYS

‘This application is 1 divisivaal application of U.S. Ser.
No. 08/400.657 filed Mar. 8. 199S: which is a continuation
application of U.S. Ser™ Nu: 08/257.469. filed Jun. 8. 1994
and now abandoned; which is a continuation application of
U.S. Seral No. 08/124.826. filed Sep. 21. 1993 aad now
abandoned; which is a contiauatioa application of U.S. Ser.
No. 07/946.749 filed Sep. 17. 1992 and now abandosed:
which is a contiouation application of U.S. Ser. No. 07/648.
468 filed Jan. 31. 1991 aod now abandoned; which is a
continuatioa-in-part application of U.S. Ser. No. 07/136.920
filed Dec. 21. 1987 and aow abandoaed; and which is a
coatinuation-in-part applicatios of U.S. Ser. No. 06/922.155
filed Oct. 23. 1986 and now abandoged. The disclosures of
Ser. No. 07/136.920 and 067922155 are incorporated herein
by reference.

BACKGROUND OF THE INVENTION

The present invention pertains to methods, reageats.
cornpositions. kits. and insqumeats for use in capturing
target molecules. In particular. the present invention relates
to methods, reagents. compositions, azd kits for capeuring
deoxyribogudeic ‘acid (DNA) or ribosucleic acid (RNA)
from clinical samples. Embodiments of the present inven-
tion provide methods for rapid. scasitive detection of sucieic
acid targets in clinical samples adaptable to non-radioactive
fabeling techaiques and automation.

The following definitions are provided to facilitate an
understanding of the present inveatioa. The term “biological
binding pair” as used in the present application refers to any
pair of molecules which exhibit satural affinity or binding
capacity. For the purposes of the present application, the
termn “ligand”™ will refer to oae molecule of the biological
binding pair and the term “antiligaad™ or “receptor” will
refer to the opposite molecule of the biological binding pair.
For example. without Limitation. embodiments of the present
ioventon have applications in nucleic acd hytridization
assays where the biological binding pair includes two
complementary strands of polynucleic acid. One of the
strands is designated the ligand and the other strand is
designated the antiligand. However, the biological binding
pair may include antigens and antibodies, drugs. and drug
receptor sites and enzymes and enzyme substrates.

The term “probe™ refers to a ligand of known qualities
capable of sclectively-binding to a target antiligand. As
applied to aucliec acids. the term *“probe” refers to a strand
of aucleic acid haviog a base sequence complemeantary (o a
target strand.

The term “label” refers to a molecular moiety capable of
detection including, by way of example, without limitation,
radioactive isotopes, enzymes, luminesceat ageats, and
dyes. The term “ageat” is used in a broad sense, including
any molecular moiety which participates in reactioas which
lead to a detectable respoase. The term “cofactor” is used
broadly to include any molecular moicty which participates
in reactions with the agent.

The term “retricvable”™ s used in a broad sense to
described an catity which can be substantally dispersed
within a medium 20d removed or scparated from the
mediurn by immobilizatioa, filtering, partitioning, or the

The tam “support™ when used aloae iacludes conven-
tiooal supports such as fllicrs and membranes as well as
retmievable supports.
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The term “reversible.”  regand to the binding of Ugands
Jud anutigands. means capable of binding or releasing upon
imposing changes which Ji not permanendy ater the gross
cheniical nature of the Lgand and antiligand. For example,
without limitaton. reversible bindiog would include such
bindiag and release coatrolied by changes in pH.
temperature. and togic strength which do not deswoy the
ligaad or antiligand. :

The term “amplify” is used in the broad sense to mean
creating an amplification product which may include by way
of example. additional target molecules. or target-like mol-
ecules which are capable of functioning in a manaer like the
target molecule. or a molecule subject to detectioa steps in
place of the target molecule. which molecules are created by
virtue of the presence of the target molecule in the sample.
In the situation where the target is a polyoucleotide. addi-
tional target, or target-like molecules. or molecules subject
to detecting can be made eazymatically with DNA or RNA
polymerases or transcriptases.

Geaetic information is stored in living cells in threadlike
molecules of DNA. In vivo. the DNA molecule is a double
helix, each swaod of which is a chain of sucleotides. Each
nudieotide is characterized by oae of four bases: adenine
(A). guaaine (G). thymine (T). and cytosine (C). The bases
are complemeatary in the sense that, due to the oricntation
of functional groups. certain base pairs attract and boad to
each other through hydrogea bonding. Adenine in one strand
of DNA pairs with thymine in 20 opposing complemeantary
strand. Guaanine in one strand of DNA pairs with cytosine in
an opposing complementary strand. In RNA. the thymine
base is replaced by uracil (U) which pairs with adeniae in an
opposing complementary strand.

DNA coasists of covalently liaked chains of deaxyribo-
pucleotides and RNA consists of cogvalently linked chains
of ribonucleotides. The geaetic code of a living organism is
carried upon the DNA strand in the sequeace of the base
pairs.

Each pucleic acid is linked by a phosphodiester bridge
between the five prime hydroxy! group of the sugar of one
nucieotide and the three prime hydroxyl group of the sugar
of an adjacent nuclcotide. Bach linear strand of paturally
occurring DNA or RNA has one terminal end baving a free
five prime hydroxyl group ad another terminal end having a
three prime hydroxyl group. The terminal eads of polyaucie-
otides are often referred to as being five prime termini or
three prire termini in reference to the respective free
hydroxy! group. Complementary strands of DNA aod RNA
form antiparallel complexes in which the three prime ter-
minal ead of one strand is oriented to the five prime terminal
end of the opposing strand.

Nucleic acid hybridizatioa assays are based oa the tea-
deocy of two nucleic acid strands to pair at complementary

" regions. Presendy, oucleic acid hybridizadon assays are

60

[}]

primarily used to detect and identify unique DNA or RNA,
base scquences or specific genes in a complete DNA
raolecule, in mixtures of aucleic acid, or in mixtures of
aucleic acid fragments.

The identification of uaique DNA or RNA sequences ot
specific genes within the total DNA or RNA extracted from
tissue or culture samples may indicate the prescace of
physiological or pathological conditions. In particulas, the
identification of unique DNA or RNA sequeaces or specific
geoes, within the total DNA or RNA exracted from humaa
or animal tissue, may indicate the preseace of genetic
discases or coaditioas such as sickle cell ancmia, tissue
corpatibility. cancer aad precagcerous states, or bacterial or
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viral intections. The ideatitication of uaique DNA or RNA
sequences o specidic genes within the totd DNA or RNA
exxacted from bacterial cultures of tissue conwining bacte:
f3 may indicate the presence of antibiotiv resis@nce. toxins,
viruses. or plasnuds. of provide ideatification between types
of bacteria. - ’

‘Thus. nucleic acid hybridization assays have great poten-
tial.in the diagnosis and detestion of Wisease. Further poten-
tal exists in agriculture and food processing. where nucleic
acid hybridization assays may be used to detect plant
pathogenesis or toxin-producing bacteria.

One of the most widely used nucleic acid hybridization
assay procedures is kmown as the Southera blot filter hybgd-
zation method or simply. the Southera proceduse (Southern,
E. J. Mol. Biol. I, 98. 503. 1975). The Southern procedure
is used to identify target DNA or RNA sequences. This
procedure is generally carried out sheets. The iamobilized
sample RNA or DNA is contacted with radio-labeled probe
_strands of DNA bhaving a base sequence complementary to
the target sequence carrying a radioactive moiety which can
be detected. Hybridization betweea the probe and the
. sample DNA is allowed to take place. )

The hybridization process is generally very specific. The
labeled probe will not combine with sample DNA or RNA
if the two pucleotide catities do not share substastial
complementary base pair organization standard. Hybridiza-
tion can take from three to 48 hours depending on given
conditions.

However, as a practical mager there is always nom-
specific binding of the labeled probe to supports which
appears as “background noise™ oo detection. Background
noisc reduces the seasitivity of an assay. Uahybridized DNA
peobe is subsequently washed away. The nitroceliulose sheet
is placed on a sheet of X-ray film and allowed to expose. The
X-ray film is developed with the exposed areas of the film
identifying DNA fragmeats which have been hybridized to
the DNA probe and therefore have the base pair sequence of
interest.

The use of radioactive labeling agents in conjunction with
Southern assay techniques have allowed the application of
nucleic acid assays to clinical samples. Radioactive decay is
detectable evea in clinical samples cootaining extraneous
proteinaceous and organic material However, the presence
of extrancous proteinaceous and organic material may con-
tribute to nomspecific binding of the probe to the solid
support. Moreover, the use of radioactive labeling tech-
niques requires a long exposure time to visualize bands on

35

X-ray film. A typical Southern procedure may require 1to7

* days for exposure. The use of radioactive labeling agents
further requires special laboratory procedures and liceases.

The above problems associated with assays iovolving
radioisotopic labels have led to the development of tech-
piques employing aonisotopic labels. Examples of poaiso-
topic labels include enzymes, luminesceat agents, and dyes.
Luminescent labels emit light upoa exitation by an external
energy source and may be grouped into categories depen-
dent upon the source of the exciting energy. including:
radioluminescent labels deriving caergy from high energy
particles; chemiluminesceat labels which obtain energy
from chemical reactions; biolumigesceat labels whexein the
exciting energy is applied in a biological system; and
photoluminescent or fluorescent labels which are excitable
by units of clecromagnetic radiatos (photons) of infrared.
visual oc ultraviolet light. See. geacrally, Smith et al., Ann,
Clin. Biochem., 18: 253, 274 (1981).

Nonisotopic assay techaiques employing labels excitable
by aorsadinactive energy sources avoid the health hazards

33

63

4

and licensing problems encountered with radinisatopic label
assay technigues. Morcover. numisotopic assay techniques
hold promise for c3pid detecton avoiding the lung exposure
lime associated with the use of X-ray filau

However. nonisotopic assays have not conveyed the sen-
sitivity or specilicity to assay procedures necessary o be
considered reliable. In luminescent assays. the peesence of
proteins and other molecules carricd ia biclogical samples
may cause scatering of the exciting light or may absorb Light
in the spectrum of emission of the luminescent label. result-
ing in a queaching of the lumincscent probe.

In enzymatic assays. the presence of proteins and other
molecules carried in biological samples may interfere with
the activity of the enzyme.

Sinilarly. in colorimetric assays. the change in color may
not be detectable over proteins and other materials carried in
biological samples. A

Embodiments of the present iavention are coaccrned with
target and background capture on supports aod on retriev-
able supports including magnetic particles. Magnetic par-
ticles have been suggested as supports for the synthesis of
organic compounds, including oligorners such as DNA,
RNA, polypeptides. and other multiunit molecules that bave
a defined sequences. See. for example. European Patent
Application No. 83112493.8 to Steven A. Benaer and Geaet-
ics Institute. However. magnetic particles have not been
suggested as remievable supports for target capture and
background removal.

Other utilization of magaetc particles bas included mag-
netic fluids in the blood. R Neubauer. [EEE transactions on
magnetics MAG-9. 445 (1973); attachmeat of functional
group for separation of biomolecules, U.S. Pat. No. 3,970,
518 to L Giaver; labelling of cell-surface receptars, S.
Margel et al.. Jour. Imm. Meth. 28:341-53 (1979); attach-
meat to drugs for magaetic targeting during therapeutic, A.
Senyei et al.. J. App. Phys. 49 (6): 3578 (1978). K. Wieder
et al., Pro. Soc. of Exp. Bio. Med, 58:141 (1978), K
Mosbach and U. Shroeder, FEBS leters 102:112 (1979);
selective separation of viruses. bacteria. and other cells, R.
Molday et al., Narure 268:438 (1977); and incorparation of
magnetic particles as support in gel affinity chromatography
for biological polymers, K. Mosbach and L. Anderson,
Nature 270:359 (1977), which are incarporated herein by
reference.

The use of a two probe system to effect target capture on
conventional noa-retricvable supports has been suggested in
an article authored by Aan-Christine Syuanen. Matti Laak-
sonen and Hans Soderlund eatitled “Faster Quantification of
Nucleic Acid Hybrids by Affinity-Based Hybrid Collection;™
Nucleic Acids Research, 14(12): 5037 (1986).

SUMMARY OF THE INVENTION

It is an object of the preseat invention to provide methods,
reagents, compositions, kits, and instrumentation for per-
forming assays for target molecules of interest. Other objects
will be presented hereinafier. For convealence, without
limitation embodiments of the present investion can be
grouped into areas of target capture. background capture,
and combinations thereof.

Turning first to target capure, an cmbodimeot of the
present inveaton feature capture and release cycles to
isolate target molecules. The method includes contacting a
sample medium poteatially costaining target molecules with
probes and a first support associated or capable of assocl-
ating with at least one probe under binding coaditions. The
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frobes are capable of selectively reversibly binding to the
target molecules to form o complex including the probe
target and the first reicvable support. Nex:. the support is
separated trom the sample micdium and brought into contact
with 2 second medium. Next. the support is subjected to
releasing conditions (o release the target from the support
and the support is separated from the second medium. Next.
1 second support is contacted with the second mediure under
binding conditions. The second support is 3ssociated with or
capable of associating with at least ane probe capable of
selectively binding to the target molecule. Under binding
conditions. the target forms a complex with the probe
associated to secoad support for further processing.

Preferably. the first support is retricvable in the sense that
it is capable of substantially homogeacous dispersion within
the sample medium and can be substantially physically
separated. retrieved. or immobilized within the sample
medium.

Sepanation of the first support from the first medium
removes nonspecifically bound cellular debris attached to
the first support. Further binding of the target molecule to 2
second support further concentrates the target for detection
and permits further release-capture cycles for greater puri-
ficadon. )

A further embodiment of the present method features a
retrievable support The method includes contacting the
sample potentially carrying target nudleic acid with a
retrievable support in association with a probe moiety. The
retricvable support is capable of substantially homogeaous
dispersion within a sample rmedium. The probe moiety may
be associated to the retrievable support. by way of example,
by covalent binding of the probe moicty to the retricvable
support. by affinity association. hydrogen bonding. or non-
specific association.

The support may take many formas including, by way of
example. nitrocellulose reduced to particulate form aad
- retrievable upon passing the sample medium containing the
support through a sicve; npitrocellulose or the materials
impregpated with magaetic particles or the like, allowing the
nitrocelulose to migrate within the sample medium upon the
application of a magnetic field; beads or particles which may
be filtered ar exhibit elecromagnetic properties; and poly-
styrene beads which partition to the surface of an aqueous
rmedium.

A preferred embodimeat of the present inveantion includes
a retrievable support coroprising magnetic beads character-
ized in their ability to be substantially homogeacously
dispersed in a sample medium. Preferably. the magnectic
beads carry primary amine or carboxyl fuactiosal groups
which facilitate covalent binding or association of a probe
catity to the magnectic support partcies. Preferably. the
magaetic support beads are sdingle domain magnets and are
super paramagnetic exhibiting no residual magnetism. The
first probe includes a probe ligand molety capable of spe-
cifically binding to antiligand under binding conditions. The
retricvable support is capable of substantially homogeaneous
dispersion within the sample media asd includes at least one
antligand moiety capable of binding to ligand under binding
coaditions to form a target-probe support complex. Next, the
retrievable support and sarople medium are scparated to
allow the sample medium to be processed further.

Embodimeats of the {aveation are suitable for capturing
target molecules from a clinical sample medlum cogtaining
extranacous material. The order of contacting the sample
medium with probe or retrievable support is a marter of
choice. However, the choice may be [nflucaced by the

0]
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kiactics of bhindiog between the probe and target on one
hand. and betweea the probe ligand and support antiligand
on the uther.

As applicd to pulynucieotide target molecules aad
homopolymer ligands and 4ntligands. the homopolyroer
ligand and antiligand binding is generally faster than probe
binding to target Probe binding to the target is sterically
impaired after the probe ligand is bound to the support
antiligand. A preferred erubodiment includes contacting the
sample mediur with the reageat aod bringing the mixture to
hybridization copditions. Next. the retricvable support is
dispersed in the reageat and sample medium allowing the
formation of a target-probe complex in advance of the
formation of probe support cornplexes.

A further embodimeat of the present invention features a
muldple probe system.

Preferably the method iacludes a reagent including a first
probe as previously described and at least one second probe
capable of binding to the target molecule aad having label
rooietics capable of detection. The second probe is capable
of forming a target (first and second) probe-support com-
plex. The step of separating the retrievable support from the
sample medium not only rerooves exwrancous material from
the target-(first and second) probe-support complex. but also
separates any second probe which is not bound to the target.
Second probe unbound to target contributes to background
noises. false signals indicating the prescace of target.

Further processing may include release of the target (first
and second) probe complex from the rexievable support into
a second medium and rebinding of the target (first and
second) probe complex to new support. The first retricvable
support may cary noospecifically bound materials which
can interfere with assay procedures. Thus. after the release
of the target-probe complex from the retricvable support and
the retrievable supports removal. a second support having an
antiligand moiety capable of binding to the probe ligand can
be brought into coatact with the target-probe complex under

- binding conditions to effect a further cycle of target-probe

binding or capture for further purification and concentration
of target-probe complex. _ ’

Further processing may include background capture. A
further embodiment of the present inveation includes a
method wherein the second probe has a second ligand
rooicty. The method further includes a background support
having a second antiligaad moiety. The second ligand moi-
ety and sccond antlligacd moicty are capable of stably
bieding under binding conditions only whea the sccond -
probe is unbound to the target molecule. The method further
includes the step of contacting a medium potentially con-
taining secoad probe unbound to target with a background
support under binding coaditions. Next. the background
support is separated from the medium to remove unbound
second probe reducing background noise.

The term “background suppert” is used in the conven-
tional sease to include filters and membranes as well as
retricvable supports. Binding to the background suppost
does not need to be releasible.

A preferred remievable support includes, by way of
exarople without limitation, particles, grains, beads. or fila-
ments capable of dispersion within and separation from a
medium. Mcthods of separation include by way of exarople,
without Limitation, of filtration. ceatrifugatioa. precipitation,
surface floatation, settling. or the introduction of electro-
magactic fields.

The preseat methad can be applicd to polyaucleotide
target molecules. Preferably, the first and second probes bind
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quickly o 1 polynsuclentide target “in solution™ as oppused
to the situation where cither the target or probe is unmobi-
lized.

‘The cetricvable support. capable of substanual dispersion
within 3 soluuon, permuts interacuons berween the reriev-
able support aad probes which mimic “in solutioa™ hybrid-
ization. [n solution. hybridision can be completed in
approximatcly 3-15 midules. The rapid hybridizations and
simplicity of the present methods permit automatioa. The
present method allows nucleic acid sequeaces contained in
clinical sarnples to be separated from extraacous material
allowing the methods to be applied to nonisotopic labeling
techniques.

An embodiment of the preseat method where the target
molecule is a polynucleotide. includes coatacting a sarople
medium with reagent under binding coaditioas. The reagent
includes at least one first polyaucleotide probe and at least
oae second polyaucleotide probe. The first probe is capsble
of forming a complex with the target molecule and has a first
homopolymer ligand moiety. The second probe is capable of
forrming a complex with the target molecule in addition to
the first probe. The second probe includes a label moiety
which has a second homopolymer ligand moicty which is
different than the first homopolymer ligand of the first probe.
Next, the reagent and sample medium are cootacted with a
background support and a target capture support The back-
ground support includes at least one second bornopolymer
antiligand moiety capable of bindiag to the second
homopolymer ligaad moiety of the second probe whea said
second probe is uabound to target. The target capture
support includes at least one first hormopolymer moiety
capable of biading to the first homopolymer ligand moiety
of the first probe. The background support and the target
capture support remove background noise and the target
capture support further concentrates the target-(first and
second) probe complex for further processing and separates
the target-(first and second) probe complex from celiular
debris. Further processing includes the detection of the label
moicty indicative of the prescace of the target molecule.

Turping now mere specifically to embodiments of the
invention pertaining to background capture. one embodi-
rment includes a2 method wherein probe and target are
allowed to form a complex. Next, uncomplexed probe is
brought into contact with a support under binding condi-
tons. The suppart is capable of selectively binding unbound

" probe. Next. the support is separated from the probe-target
complex.

A sull further embodiment of the preseat invention
includes a method of separatiag a plurality of target mol-
ccules for further processing.

One embodiroent includes the sequential addition and
removal of probes specific to target molecules on a plurality
of supparts. A further erobodiment includes a method which
includes coatacting a sample with a first series probe and
capturing the target and probe on a plurality of supports. The
first series probe includes a ligand capable of associatiog
with the support. The first probe series iacludes probes for
all plurality targets which are capable of binding to supports
specific for cach target molecule. The supparts are capable
of being separated from each other, the scparation of which
results in individual types of target molecules beiong isolated
with the support.

A further crabodiment of the present invention includes a
teagent compositioa. The reagent composlition includes a
first pcobe and a second probe. The first probe is capable of
forming a complex with a target molecule and includes a
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probe Ugand moiety capable of spevifically bindiag to
antiligand under binding coaditions. ‘The second probe is
capable of forming a complex with the arget mulecule and
includes 3 label muiety capable ot detection. The reagent
composition can he used to capture and detect the target in
a sample medium when used with a retricvable support
having antiligand moietics.

A further ermbodiment of the preseat reagent composition
includes a sccond probe having a second ligand moiety
capable of stably binding to as antiligand only in the
situation where the second probe is unbound to the target
molecule. The reagent compasition allows background noise
to be reduced by contacting sample potentially containing an
uabound second probe with a background support having a
second antiligand moiety.

A furthar embodiment includes a support capable of
substantially homogencous dispersion in a sample rmedium
having oligonucleotide antiligands adapted for binding to
oligonucleotide ligands on probes.

A preferred embodiment of the support includes, by way
of example. particles. grains. filaments, and beads capable of
separation. Means of separation include. by way of example
without limitaton, precipitation. settling. floatation,
filtration, centrifugation. and electromagaoetism.

A preferred embodimeat includes polystyrene beads,
between 10-100 microns in diameter, which are capable of
substantially homogeneous dispersion and separation from a
medium by filtration or floatation. Another prefesred
embodiment includes ferromagnetic beads. A feromagaetic
bead marketed under the trademarks BIO-MAG is capable
of substantially hormogencous dispersion in aa aqueous
medium and can be retrieved or immobilized by aa electro-
magnetic ficld. The faromagnetic bead includes an iron core
which is coated with an amine reactive covering. The beads
are geserally spherical and have a diameter of oae microan.
The polystyreae and ferromagnetic beads are treated to
include antiligand moieties.

A further embodiment of the prescot inveantion includes a
kit for perforTning assays for target molecules which are part
of a biological binding pair. In the case where the target is
a polynucleotide baving a specific base sequence, the kit
includes a reageat wherein the reagent includes a first
polysucleotide probe and a second polynucleotide probe.
The first and second probes are capable of binding to
mutually exclusive portions of the target (o form a complex
in which both probes are bound to the target. The first probe
is capable of reversibly binding to a first support under
binding coaditions. and the second probe includes a label
moiety capable of detection. The kit further includes a first
support allowing the support to forrn complexes with the
target and probes which caa be selectively sepasated from
the sarple medium.

A further embodiment of the present kit includes a second
probe and a background support The second probe, when
aot bound to the target, is capable of selectively binding to
a background support. The background suppart is capable of
being separated from a medium containing reagent to
remove the noaspecifically bound second probe.

A further embodiment of the present inventioa includes an
instrument for perfortning assays io accordance with the
present mecthod. In the sination wbere the target is a
polyoucleotide, the instrument includes a reaction chamber
adapted for receiving reageat and target in a substandally
mixed homogeneous state. The reagent includes a flrst and
a second polyaucleotide probe. Bach probe is capable of
binding to mutually exclusive portioas of the target forming
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2 vomplex in which both probes are bound tu the target. The
first probe is capable of reversibly biading to 3 first support
under binding vonditions and the second probe includes a
Jabel moiety capable of detection. The insguruent further
includes means for contacting a first support with the reagent
and sample to allow the furst probe and target-probe complex
to become bound to the- gupgort. The instrumeat further
includes means tor bringing the sarple. reagent. and support
to binding conditioas to form target-probe complexes bound
to support. The insoumeat further includes means for bring-
ing the first probe into releasing conditions. Finally, the
instrument includes meaas for separating the support from
the sample and from the reagent.

The term “reaction vessel™ is used in a broad seasc to
include any means of conuinment jocluding, by way of

- example without limitation. cuvertes. test tubes, capillaries.
and the like. _

Suitable means for bringing the sample. reagent. and
suppont into binding conditions or bringing reagent and
support ioto releasing conditions isclude by way of
example. teraperature coatrols which can elevate or lower
the temperature of the sample. reagest, and suppert to
selective denature or anneal polynucieotide strands.

Suitable means for separating the support from the
reagent or sample include by way of exarnple. electromag-
nets for use in copjunction with magaetic beads. fibers
affixed to an ancharing support, ceatrifuges for use with
polystyrene grains. and the like.

Further embodimeats of the present invention indlude
means for bringing the reagent and target iato contact with
background support under binding conditions to remove any
second probes having label moietics which second probes
are not specifically bound to the target.

Erbodimeats of the present instrumeat adapted for use
with lumigescent label moieties include suitable label exci-
tation means. Instruments for use with fluorescent label
moieties include lasers or light cmitting assemblies with
filters to define appropriate wave leagths. Instrumesnts for
use with chemiluminescent label moieties include injection
apparatus for injecting cofactors into the reaction chamber.

The invention also feanwes a method for assaying a
sample for a target polynucieotide, which sample coatains
the target polynucleotide and son-target polynucieotides, the
method involving contacting the sample with a polynucle-
otide probe capable of forming a complex with the target
polyoucleotide, substantially separating the complex from
the non-target polyoucicotides in the sample. amplifying the
target polynucleotide. to form an amplification product, and
measuring or detecting the amplified target polyoucleotide.
This method advantageously can be used in cosjunction
with the target capture and background capture steps
described above.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-3 are flow diagrams illustrating steps. apparatus,
and reageats used in methods of the iaveation. The term
*“FIG. 1™ refers collectively to FIG. ls and FIG. 1b.
Similarly. the tam “FIG. 2" refers collectively to FIG. 2a
and FIG. 2b.

FIG. 4-6 arc diagrammatic representations of capuure
amplification methods of the inveation.

FIG. 7 is a diagram Qllustrating features of an apparatus
made in accordance with one embodiment of the present
iavention.

FIG. 8 is a diagraramatic representatdon of a geaetlc
consuuctioa used ia the inveation.
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DETAILED DESCRIFITON

‘Turning now (o the drawings. which by way of illustration
depict preferred embudiments of the present invention. and
in particular FIG. 1. 3 method of prucedure. with necessary
reagent compositions. is ilustrated in schematic forro for an
assay for trget polynucteotide strands. Conventional assay
technique izclude many larget strands. and many probe
strands would be used to performs an assay. However. for
the simplicity to further an understanding of the invention,
the illusration depicts only lirnited aumbers of probes.
support eotities. and targets. FIG. 1 features a method
utilizing retrievable supports.

- Step 1 of the assay illustrated in FIG. 1 begins with a
clinical sample which. by way of illustratioa. contains cells.
The cells potentially carry target nucleic acid. either DNA o¢
RNA. having a base sequence of particular interest indica-
tive of pathogens, genetic conditions. or desirable gene
characteristics. The clinical samples can be obtained from
any excreta or physioclogical fluid, such as stool. urine,
sputum. pus. serum. plasma. ocular lens fluid. spinal fluid,
lymph, genital washings. or the like, Individuals skilled in
the art may desire to reduce biopsy samples to single cell
suspensions or small clumps by means knowa in the art. For
example. biopsy samples of solid tissues can be effectively
reduced to single cell suspensioas ar to small clumps of cells
by agitating the biopsy sarple in a mixture of 0.5M sodium
chloride. 10 mM magoesium chioride. 0.14M phosphate
buffer. pH 6.8. and 25 Mg/ml cyclohexamide. Isolation of
specific cell types by established procedures known in the
art, such as differential ceatrifugation. deasity gradieat
centrifugarion. or other methods. can also be applied at this
step. .

The cells are then treated to liberate their DNA and/ar
RNA. Chemical lysing is well kmown in the art Chemical
lysing caa be performed with the dilute aqueous alkali, for
example. 0.1 to 1.0M sodium hydroxide. The alkali also
serves to denature the DNA or RNA. Other denaturization

_ and lysing ageots include clevated ternperatures. organic
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reageats, for example, alcohols. amides. amines, ureas,
phenols and sulfoxides, or certain imorganic ioas, far
example chaotropic salts such as sodium trifluorcacetate,
sodium trichloroacetate, sodium perchlorate. guanidinium
isothiocyanate, sodium iodide, potassium jodide, sodium
isothiocyanate, and potassium isothiocyanate.

The clinical sample may also be subjected to vadous
restriction endoaucleases to divide DNA or RNA into dis-
crete segments which may be easier to haodle. At the
completion of the sample processing steps. the clinical
sample includes saraple oucleic acid. cellular debris. and
impurities. ln the past. sample nucleic acid was separated
frora cellular debris and impurities by nonspecific binding of
the pucleic acid to filters or membranes and washing cellular
debris aad iropurities from the fllter or membrane. However,
in practice, some cellular debris and some impurities, as well
as noaotarget sucleic acid, are nonspecifically bouad to the
filter or membrane and are not rernoved by washes.

An embodireot of the present invention, as fllustrated in
Step 1, includes cootacting the sample potentially carrying
target nucleic add with a retrievable support in assodation
with a probe moicty. The retricvable support is capabie of
substantially homogenous dispersion within a sample
medium. The probe moiety may be associated to the retriev-
able support. by way of example, by covaleat binding of the
probe moicty to the retricvable support, by affinity
association, hydrogen binding. or gonspecific association.

The support may take many forms iacluding, by way of
example. gitrocellulose reduced to particulate form and
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retricvahle upun passing the sample medium coatdining the
suppant theough 3 sieve:, mitroceliulose or the matenials
impregnated with magnetic paricics or the like. allowing the
aitrocellulose to migrate within the sample medium upoa the
application of 3 magncuc ficld: beads or pastcles which may
be filtered of exhibit clectromagngtic properties: and poly-

styrege beads which partition (o the surtace of an aqueous

medium.

A preferred embodiment of the present invention includes
a cetrievable support comprising magnetic beads character-
ized in their ability to be substantially homogencously
dispersed in a sample medium. Preferably. the magnetic
beads contain primary amine functional groups which facili-
tate covalent binding or association of a probe entity to the
magaoetic support particles. Preferably. the magnetic suppart
beads are single domain magaets and are super paramag-
petic exhibiting no residual maganctism.

The particles or beads may be comprised of magnetic
particles. although they can also be other magnctic metal ar
metal oxides. whether in impure, alloy. or composite form.
as long as they have a reactive surface and exhibit an ability
to react to a magaetic field. Other materials that may be used
individually or in combination with iron include, but are aot
limited to. cobait. nickel. and silicon. Mcthods of making
magaetite or metal oxide particles are disclosed in Vandea-
berghe et al.. “Preparatioa and Maganetic Properties of
Ultrafine Cobalt Ferrites.” J. of Magnetism and Magnetic
Materials, 15 through 18: 1117-18 (1980); E. Matijevic,
*Mono Dispersed Metal (Hydrous) Oxide—A Fascinating
Field of Colloidal Science.” Acc. Chem. Res., 14:22-29
(1981). the disclosures which are incorporated herein by
reference. .

A magnetic bead suitable for application to the present
iavention includes a magnetic bead containiog primary
amine functional groups marketed under the trade name
BIO-MAG by Advanced Magnetics. Inc. A preferred mag-
petic particle is nonporous yet still permits association with
a probe moiety. Reactive sites not involved in the association

of a probe moiety are preferably blocked to prevent non-

specific binding of other reagents, impurities, and cellular
material The magnetic particles preferably exist as substan-
tially colloidal suspensions. Reageats and substrates and
probe moicties associated to the surface of the particle
extend directly into the solution surrounding the particie.
Probe moictes react with dissolved reagents and substrates
in solution with rates and yields characteristic of reactioas in
solution rather thaa rates associated with solid supported
reactions. Further. with decreasing particle size the ratio of
surface area to volume of the particles incrcases thereby
permining more functional groups aad probes to be attached
per unit weight of magnetic particles.

Beads having reactive amine functional groups can be
reacted with polynucieotides to covalesdy affix the poly-
pucleotide to the bead. The beads are reacted with 10 percent
glutaraldehyde in sodium phosphate buffer and subsequently
reacted {n a phosphate buffer with cthylene-diamine adduct
of the phosphorylated polynucieotide In a process which will
be set forth in greater detail in the experimental protocol
which follows.

Returning sow to Step 2. the retrievable support with
associated probe moicties is brought into coatact with clini-
cal sample and, progressing through to Step 3, is brought
into bioding coodidoas. The probe moicty specific for the
arget of interest becornes boeded to the target strands
present in the clinical sample. The retrievable support.
dispersed throughout the sample and reagent medium.

12

allows the probe mwicties and target to hybridize as though

they e (ree in 3 soluton.

Iybridizativas of probe to target can be accomplished in
approximately 15 minutes. {n conmast. hybridizatioas in

s which cither the probe or target are immobilized on 3
support not haviag the capability to be dispersed in the
medium may take as long as Jto 43 hours.

Extrancous DNA. RNA. cellular debris. and impurities
are got specifically bound to the support. However, as a
practical manaer. a sraall amount of extrageous DNA. RNA,
cellular debris. and impuritics are able to and do in fact
aonspecifically biad to any entity placed within the reaction
vessel including the retricvable support. Embodireats of the
present inventon facilitate the further purification of dlinical
samples to remove extrancous DNA. RNA. cellular debris,
and further impurities from target polynucleotides.

Step 4 of FIG. 1 depicts the separation of the support of
the clinical sample and the suspensioa of the support into &
second medium The second medium thus iocludes the
retrievable suppart with the associated probe bound to target
polynucleotide strands. Also camried with the retrievable
support is extrancous DNA, RNA. cecllular debris, and
impurities noaspecifically bound to the support. but in a
rauch lower coocentration than what was initially found in
the clinical sample. Those sidlled in the art will recognize
that soroe undesirable materials can be reduced by washing
the support prior to suspeasion in the second medium.

The retrievable support with associated probe and target
strands suspended in the second ruedium is subject to further
denaturation as set forth in Step S thereby allowing the target
to disassociate from the probe moiedes of the retricvable
support. The denaturation process may or may oot release
nonspecifically bound extrancous DNA. RNA, cellular
detris. or impurities from the retrievable support. However,
Step S of the present method allows the retrievable support
to the removed from the second medium carrying with it
rmmuch of the noanspecifically bound cellular debris,
impurities. and extrancous DNA. aod RNA initially carried
over from the first clinical sample medivm.

As set forth in Step 6. a new support caa be introduced
into the second medium uodes binding conditions to again
capture target polysucleotide strands on probe mojeties
associated with the retrievable support. It will be recognized
by those skilled in the art that the new support may actually
include the original retrievable support after recycling steps
to further purify and rernove sonspecifically bound DNA,
RNA. cellular debris, and impurities. Thus. the only impu-
rities present in the second medium include DNA, RNA,
cellular debris. and impurities previously nonspecifically
bound to the support which has subsequently been released
from the first support and dissolved or suspended in the
second medium.

However. such impuritics can be further removed from
the target polynucleotides by removing the second retriev-
able support from the second medium and again repeating
the cycle of introducing the retricvable support into a further
mediurn. deoanwation, aad removal of the old suppart.
Those skilled in the art will recognize that the magnetic
beads described in the prescat invention are susceptiblo of
« being raised out of a solution or being held in place as a

solution is removed or added to & containment vessel.

The ability of the magnetic beads to participate in the
reactioas which mimic “insolution kinetles™ strands allow
the completion of a cycle of depaturation and binding to the

6s target to be accomplished in three to fifteca minutes.

ARer suficient purification and coacentration. the target
can be detected by lumisescent of radioactive methods
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known in the art as indicated in Step 3. Purification of the
medivn containing the target allows the detection of noaiso-
topic label moieties without cellular debris and impurities.

Turning aow to FIG. 2. which features a multiple probe
mcthud. a further erabodiment to the present assay method
is illustrated begioning with a clinical sarpple containing
pulynucleotide target which i3 processed in accordance with
the clinical sample of the previous figure with the introduc-
ton of solubilizing ageats aad reageat. The reagent of the
assay method depicted in FIG. 2 includes a first polyaucle-
otide probe strand (P,) and a second polyaucleotide probe
straad (P,) capabie of forming a compiex with the target in
which both probes (P, and P,) are bound to the target. The
first probe (P,) is capable of associating with a regievable
support (S,) uader binding coaditions. The second probe has
at least one label moiety capable of detection. The label
moiety is illustrated in the drawings with ao asterisk oc a star.
‘Following the introduction of a salubilizing ageaB and
reageat under denaturation conditions. the solution contain-
ing the clinical sample potentially includes target polynucle-
- otides and reagent in the form of the first and second probes.
plus cellular debris. solubilizing ageats. irmpurities. and
extrancous RNA and DNA.

Under binding conditions as illustrated io Step 2. the first
and seccond probes (P,and P,) bind to mutually exclusive

13

portions of the target. The hybridizaticn of the probes (P, -

and P,) to the target in solution is rapid and unimpaired by
association with a solid support In order to insure the
binding of the target to the first and secoad probe strands (P,
and P,) ap excess of probe is employed, However, even if an
excess of probe (P, and P,) were aot employed, some probe
would fail to find target and would remain unhybridized in
the sample medium. The unhybridized second probe (P,)
haviog a label moiety constitutes background noise if
present during detection.

The first probe (P, ) is capable of binding to a support (S,)
by means of a ligand capable of binding to an antiligand
ruoicty oa a support. The ligand (L,) includes. by way of
example, a tail portion coroprising a homopolymer. The
support (S,) includes an antiligand (A ) capable of receiving
and binding to ligand (L,). The antiligand (A,) includes, by
way of example, a homopclymer complementary to the
ligand (L,) of probe (P,).

Turaiag now to Step 3, under binding conditions the
antiligand moiety (A,) of support (S,) associates or binds to
the Ligand moiety (L,) of the first probe (P,) which Is itself

. bound to the target and limked to the second probe (P,). The
support may take many forms. Beads or particulate supports
¢an ¢ dispersed in solution and participate in binding with
target probe reactions which demoanstrate gear in solution
kinetics. Further. retrievable beads and particulate supports
can scparate probe-target complexes from nondissolvable
debris without clogging problem inherent in more conven-
tional filters or membranes.

However. conveational membranes. filters, or cellulose
supports may also be employed for some applications in
which clogging may aot be a problem. Due to the rapid
hybridizadon of the probes to target insolution, a solid
goabead or soaparticulate membrane or filter support caa be
incorporated into the reaction vessel. The solution of reagent
and sample can be passed through the support to affect target
capture. The support (S,) is illustrated io FIG. 2 as a
retrievable suppont.

o soludon with the target-probe support complex are
unbouad frst aod second probe moicties. unbound target
solubiliziog agents. impurides. and cellular debris. The

3s
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unbound second probe (P,) which has label muietics con-
sututes noise. producing 1 signal which mimics the preseace
of target. A small amount of extrancuus cellular debris,
solubilizing agents. impuritics. and probes may also become
noospecifically bound 10 the cetrievable suppon.

In Step 4. the support (8,) is separated from the clinical
sample medium. If a retrievable support is used. separatioa
caa be accomplished either by immobilizing the retrievable
support within 2 reaction vessel or by withdrawing the
retrievable support from the sarnple medium direcudy. Those
skilled in the art will recognize that the immobilized support
can be washed 10 reduce undesirable material.

Turning gow to Step 5. the target-probe support complex
is substantially free of cxtrancous RNA, DNA. solubilizing
ageots. ifopurities. and cellular material and can be moni-
tored for the preseace of the label moieties indicative of the
preseace of the target molecule. However, a small amouat of
extraneous DNA. RNA. solubiliziag ageats. impuritics, and
cellular materials may still be noaspecifically bound to the
support (S,). Moreover. unbouad. in the sease that it is ot
associated with target. second probe (P,) -may also be
nonspecifically bound to the support (S,) and can affect
sigoals from ponisotopic label moieties. The presence of
unbound secoad probe moicty (P,) having label moicties s
a significant cause of background noise thereby reducing the
accuracy of the assay procedure.

Thus. as an alternative Step S. the first support (S,) may
be suspended into a second mediur where the support (S,)
is scparated from the target-probe complex by denaturation.

Following denaturation. in Step 6. the first support (S,) is
removed from the second medium and replaced with a
second support (S,). The second support (S,) includes an
antiligand moiety (A,) capable of binding to the ligand
moiety (L,) of the first probe.

Moving to Step 7, uader binding ‘conditions, the target-
probe complex reassociates with the second support (Sy)
The rerooval of the first suppoct (S;) removes extraneous
material, debris. and probes nopspecifically bound to the
first suppoct (S,) from the assay medium.

As {llustrated in Step 8, the medium containing the
target-probe complex can be monitared for the presence of
the labels. However. further purification of the assay
medium caa be performed to further reduce the presence of
background and extraneous malerials which may have been
carried from the sample medium noaspecifically bound to

" the first retricvable support (S,) and subsequeatly dissolved
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or disassociated from the first support (S,) into the second
medium.

Thus, the second retricvable support (S,) may be brought
iato contact with a third medium. the medium brought iato
coaditions to release the target-probe complex from the
support. and the support removed to complete a further
cycle. The number of cydes will be a matter of choice
dependiog on the type of sample, type of label moicties, and
the seasitivity of the detection equipment. Different types of
supports may be used at different tirces. Thus, a retrievable
support can be used to gather or concentrate the target-probe
complexes from sample mediums or solutions initially to
avoid problems of clogging typical of membranes or filters,
The secoad or third supports preferably includes a mem-
brane or fllter with aatiligand moieties (A,;) which bind to
the ligand maicty (L) of the first probe (P,). Mcmbrane oc
filter supports can simplify process steps allowing flow-
through recovery of tacget-probe complexes.

A further embodiment of the preseat inveation i3 particu-
larly well suited for reducing background aoise. Referring
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now o TG 3. 3 modification of the previous assay proce-
dure illusgated in FIG. 2 is desaibed. [n FIG. J. 3 warget
polyaucteotide has formed a cumplex with a first and second
probe moaiety (P, and P,) similar to the probe moicties
described in FI1G. 2. However. the second probe includes a
second Ligand (L,). The second ligand (L,) may include. by
way of example. a single terminal: ribonucleolide which
complexes with a borate antiligand. an alternating copoly-
mer which binds with a complemeatary copolymer. a biotin
ligand which binds to an avidin antiligand. or as illustrated.
homopolymer ligand (L,). and a2 complemeptary homopoly-
mer antiligand (A,). ’

Turning now to Step 1. a background support capable of
sclectively binding to the secoad probe (P,). only whea it is
sot bound to a target. is brought into contact with the
medium containing the target-probe complex. The mediura
further includes free. disassociated first and second probes
(P, and P,). The labeled second probe (P,). which contrib-
utes to the backgrouad aoise. is specifically bound o the
background support (B,) by a vast molar excess of aatili-
gand moieties (A,) associated with the background suppart
(B,). Following binding of the uabound labeied probe (P,)
to the background support (B, ). the background support (B,)
is removed from the medium as illustrated in Step 2. The
rmedium coataining the target-probe complex can be moni-
tored for the presence of the label contained upon the second
probe (P.) with a reduction in backgrouad ooise.
Altematively. the medium containing the target-probe com-
plex can be subjected to further processing.

The further processing can include further background
reduction by repeating Steps 1 and through 3 described in
FIG. 3 or. steps previously described in conjunction with
FIG. 2. For exampie. background reduction steps can be
incorporated into the processing of a clinical sarople as
illustrated in FIG. 2 at any point in which the ligand and
antiligand moiceties of the first and secoad probes do aot
interfere, and the target is complexed with the first and
second probes.

An embodiment of the present method can practiced with
additional amplification steps to geaerate an amplification
product to improve the seasitivity of the assay. Turning aow
to FIGS. 4, S. and 6, each Figure includes a Step 1 wherein
target is captured with the use of a capture probe and a
retrievable support in the form of a bead. The polynucieotide
target includes areas defined as a', b’, and c'. The poly-
oucleotide probe includes an area, “a” capable of binding to
its complement “a'" of the target. The probe further includes
a ligand capable of binding to an antiligand associated with
the bead. As illustrated. the ligand of the probe and the
antiligand of the bead are complementary homopolymers.

In Step 2 of FIGS. 4. 5. and 6, the target is separated from
exrancous polynucleotides. irpurities. cellular material,
and solubilizing reagents from sample processing proce-
dures. .

In Step 3 of FIGS. 4. S, and 6, the isolated target is
non-specifiably amplified to formn a multitude of amplifics-
tion products.

FIG. 4. Step . depicts amplification of the target DNA to
form an amplification product subject to detection. comple-
meatary RNA. through the eazyme, core RNA polymerase.
In FIG. 4, Step 3, the capture probe is complexed or coated
with recA protein to facilitate probe target binding. Care
RNA polymerase forms RNA compiementary to the DNA
target template. As the ‘eazyme reads through the target
sequeoces. the RNA probe arca “a” and subsequent pew
mucleotide sequences are removed from the target which Is
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able o bind to aew recA cuated probes to torm a nultitude
of RNA palynucieotides having an arca "¢ which can be
detected. The integer “n” represents a plurality of amplifi-
cation products.

{n the situation where the target is RNA. such 3s ribuso-
mal RNA (rRNA) or messenger RNA (mMRNA) the target
RNA can be replicated noaspecifically by denaturing the
RNA and subjecting the RNA to an enzymc such as Qp
replicase or reverse transcriptase.

F1G. § Ulustrates the application of 3 two enzyme ampli-
fication system. la Step 3(a) of FIG. 5. DNA polymerase is
used in conjuaction with hexamer primers to generate DNA
segmeots which are complementary to the target. In Step
3(b). core RNA polymerase is used to form additional RNA
complements to both target DNA and DNA target comple-
ments. i

FIG. 6 illustrates the application of an eazymatic arapli-
fication system based on the enzyme DNA polymerase.
Thus. in step 3(a). the target. scparated from extraneous
polynucleotides. impurities and debris, is subjected to DNA
polymerase in conjunction with non-specific hexamer prim-
ers. The DNA polymerase geserates DNA segmeats which
are complementary to the initial target. The asew DNA
product. formed from the target DNA, is also a substrate for
replication. The target and complements are subjected to
cycling steps to depature the target and target complements -
and to add new enzymme to create new copies of the target and
the target complement. - '

Following formation of the enzyme product, Step 4 of
FIGS. 4-6 illustrates capture of the target and/or enzyme
product as previously described with a further probe and
support. The target and/or enzyme reaction product are
ameaoable for further process steps including detection

An embodiment of the present methods may be practiced
with an aid of apparatus set forth in schematic form in FIG.
7. The apparatus includes the following major elements: at
least opc contaiament vessel, means for controlling the
association of a probe with a target molecule and a retriev-
able support, means for separating the retrievable support
from a sample solution, and means for relcasing the target
molecule from the retricvable support. These major ele-
ments may take various forms and are described mare fully
below. :

The apparatus will be described below for illustration
purposes as applying the methods desaribed in FIGS. 2 and
3 relative to a target molecule which includes a polyaucle-
otide. Thus. at Station 1, a clinical sample is placed within
the coptainment vessel with solubilizing agents such as
chaotropic salts, eazymes, and surfactants in order to dis-
solve cellular material and release aucleic acids. The con-
tainment vessel may include agitation elements to facilitate
the break up of cells. The containment vessel may include
any type of vessel, tube, cuvette suitable for containing the
sarople.

In ao instrurnent designed for automated analysis, the
apparatus set forth ia FIG. 7 will preferably include means
for receiving a plurality of containmeat vessels. For {llus-
tration purposes. the contalnment vessels containiog the
sample are analyzed sequentially. Thus, coatainment vessels
are conveyed to a first station and thea to subsequeat stadons
where various steps of the assay method are perfarmed.

The various stations are linked by coaveying means.
Coaveying means may include a rotatable turntable, con-
veyiog belt, or the like. As applied in a clinical hospital
setting, cooveying means may include masual movement.
Thus, hospital staff may obtain a tissue sample from a

Pg. 3%



5.750.338

17

paticat and place the sample in the cuntainmeut vessel.
Nample processing. including the breakup of the tssue
sample and initgal mixing of solubilizing ageats and reagents
would be initiated at bedside and continued as the contain-
ment vessel traveled to 3 subsequent station for further
processing. Reference to stadons are for illustration pur-
poses. Those skilled in the art will recognize that certain
statiuns or steps roay be corobined or reversed.

Rerurmning now to the first station. sample and solubilizing
agents are placed within a containment vessel ia which an
agitation element thoroughly mixes the sample and solubi-
lizing agents. releasing aucleic acids from celiular materials.
Conveying meaons carry the containmeant vessel to Statioa 2
where the coatainment vessel receives reagent.

The reagent includes a first polynucleotide probe and a
secoad polynucleotide probe. The first and second probes
are capable of forming a complex with the target polynudcle-
otides in which both probes are bound to murtually exclusive
portions of the target. The first probe is also capable of
binding to a retrievable support under binding conditions.
The second polyoucleotide probe includes a label moiety
capable of detectios. The reagent and sampie aucleic acid
are denatured by a heating elerent and conveyed to Station
3.

At Station 3. the containment vessel receives a first
support depicted by opea circles. The first support is homo-
gencously dispersed withia the sample medium by suitable
means iacluding an agitation clement. Examples of suitabdle
supports include. without limitation. polystyrene beads,
magnetic beads and other particulate or filamentous sub-
stances. As illustrated. the first support iscludes a magnetic
bead haviog polynucleotide antiligands of deoxythymidine
(dT). The first probe includes a tail porton of deoxyadepos-
ine (dA) capable of binding to the first support during
binding or hybridization conditions.

Moving to Station 4 hybridization conditions are imposed
upon the sample medium by cooling by a cooling element.
However, those skilled in the art will recogaize that means
to alter salt coacentrations can be readily substituted for
thermal coantrols. Thus, the target polynucleotide forms s
complex with the first and second probes. Further, the
bomopolymer deoxyadenosine (dA) tail partion of the first
probe hytridizes to the deoxythymidine (dT) homopolymer
of the retricvable support .

From Station 4. the containmeat vessel is moved to
Station 5 where the retrievable support is iramobilized oa
the wall of the containment vessel by activating a magnetic
clemeant. If polystyreae beads were substituted for magaetic
beads. the polystyreae bead would be immobilized by fil-
tering or density differeaces. The sample mediuwm is dis-
posed of carrying with it most of the extraneous DNA, RNA,
solubilizing agents. cellular material, and irnpurities. The
imamobilized retrievable suppart is washed to further remove
extrancous DNA, RNA, solubilizing ageats, cellular
materials, and impurites. : )

Further, although it is illustrated that the retrievable
support is immobilized on the wall of the reaction vessel, it
Is also possible to remove the retrievable suppart from the
reaction vessel by a magnetic elerncnt and dispose of the first
reaction vessel contalning with it extraneous DNA. RNA.
solubilizing ageats, aad cellular material which may be
nonspecifically bouad to the reaction vessel walls.

The rewicvable support is placed in a second medium.,
cither the same conuinmeat vessel or 3 new containment
vessel. The coauinment vessel, coataining the retrievable
support {a a second medium is carried to Station 6.
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AL Staton 6. the second miedium is brought to deaatur-
icton vonditions Dy suitable meags including a heating
clement. The denatunization process releases the target-first
and second-probe complex from the (JT) homopolymer of
the retrievable support. The first support. potentially carry-
ing extraneous DNA. RNA. impurities. aad cellular
material. is removed from the second medium. If desired.
amplification steps may be applied to the target. now sub-
stagtially free of impurities. debds. and non-target poly-
nucleotides. Amplification steps may include the generation
of ag amplification product with eazyroes such as. by way of
example. DNA polymerase. RNA polymerase,
trapscripeases. or Qf replicase. In the event the asplification
product is aot the target molecule, the second probe is
directed to the amplification product as well as a third
capture probe which takes the place of the first probe. A
background support is thea brought into coatact with the
second mediurn and passed to Statioa 7.

At Sution 7 a cooling elemeat brings the second medium
to hybridization temperatures. The background support
includes 2 second antiligand capable of specifically binding
to a ligand carried upon the second probe. For example, *
without limitatioa. a terminal aucleotide of the second probe
can be synthesized to be a ribo derivative which specifically
biads to borate moicty carried upoa the second support. The
sccond probe bound to the target as part of a probe target
complex will not bind to the borate carried upoa the third
support due to stearic hindrances. However. unbound second
probe will specifically biad to the borate support.
Alternatively. the second probe may include a homopolymer
such as deoxycytosine (dC) which binds to a deoxyguanine
(dG) homopolymer linker on a second support. The leagth of
the homopolymers are designed such that complexes of the
target-first and secoad probes with the second support are
oot stable; however. complexes of the second probe alone
with the secoad support are stable within reaction param-
eters. Indeed. background capture binding of background
support to unbound secoand probe can be irreversible.

Next, the containment vessel coataining the second
medium and the background support is conveyed to Station
8 where the background support having second probe
strands unbound to the target-probe complex is scparated
from the second medium. Separation of the background
support removes nonspecific background noise from the
medium. .

As illustrated, background capture is effected upon beads.
However. those skilled in the art will recognize that the
initial purification of the target-first and second probe com-
plex from the clinical sample. removes all or most solid
debris allowiog background capture on filter or membrane
supports through which the second medium can be flushed.

From Station 8, the purified medium coataining the target-
probe complex with reduced background is coaveyed to
Sution 9. At Station 9, a third support, depicted as a
membrane or filter, is brought into contact with the second
medium which is brought to hybridization temperatures by
a heating elemeat. The third support includes first antiligand
moieties which bind to the first ligand moieties of the first
probe. or if an amplification product is geaerated in previous
steps, to 2 first Ligand moiety of a third probe directed to the
aroplification product Thus, if the first igand moicty of the
first probe is of a homopolymer of decoxyadenosine (dA), the
third support may include hormopolymer of deoxythyroidine
(dT). As illustrated. the third support includes flters or
membranes through which the secoad medium can be
flushed; however, beads or particles may also be used. The
third support serves to further concentrate the target-first and
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sccond probe complex Jand permits fucther reduction of
background and interteriog materials which du not specifi-
cally bind to the third support. Moving to Station 10. the
third support concearates the target-first and second probe
‘complex aflowing detection of label moicties carried upon
the second probe. s

The present ipvention is further described in the following
typical procedures and expEriniental examples which exem-
plily features of the preferred embodiment.

L PROCEDURES

A. Materials

All reageants were of analytical grade or bezter. Magnetic
beads marketed uader the rademack BIO-MAG coataining
functional amino groups were obtained from Advanced
Magnetics. Inc. of Cambridge. Mass,

In the present exampie, all iabeled auclectdes were
obtained from New England Nuclear. The eazyme terminal
deoxynucleotidyl transferase (TDT) was obtained from Life
Sciences. Inc.. St. Petersburg. Fla. The oligoaucleotide
pdT,, was obtained from Pharmacia PL Biochemicals.

B. Synthesis of Probes

The following sets forth typical protocols and methods.
Refaring now to FIG. 8. two probes were constructed to the
sense strand of the eaterotoxin gene elt Al of Escherichia
coli, in accordance with the constructiosal map. FIG. 8, of
Spicer. E. K and I. A. Noble, 1982. J. of Biological Chem.
257, 55716-55751.

Oue set of probes was synthesized beginning at position
483 of the gene sequence and extending coward 30 nucle-
otides in length. hereinafter referred to as the A483 probe. A
second probe was synthesized beginning at position 532 in
the gene sequence and exteading 30 auclectides in length,
hereinafter referred to as the AS32 probe. A third probe was
synthesized beginaing at position 726 in the gone sequence

and extending 39 nucleotides in length, hereinafter referred |

to as the A726 probe. The specific base sequeaces (5' t0 3°)
are set forth in Table 1 below: -
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Those skilled in the art will recognize that other probes
can be readily synthesized to other target molecules.
C. Preparation

The target in Exampic Nous. 1. 2 and J is the enterotoxin
gene elt AL, The enterotaxin gence elt Al is camied 3s part of
the plasmid EWD-299 obtained from Stanford University.

Ln Exaruple No. t. enterotoxigenic bacteria were grown to
log-phase ia Luria broth. The enterotoxigenic bacteria were
lysed and the plasmid EWD-299 isolated. The plasmid
EWD-299 was further digested with the restriction enzymes
Xba | and Hind I A fragment of 475 base length was used
as target and purificd by electro-elution from a | percent
agarose gel. In order to follow the efficieacy of capture steps,
the fragment was 5 end labeled with >?P-ATP with the
enzyme polynucleotide kinase following manufacturer's
instructions.

In Example Nos. 2 and 3. the eaterotaxigenic bacteria and
wild type nonenterotorigenic £. coli IM83 were separately
grown to log phase. The wild type E. coli serves as a control
Separate extracts of enterotoxigenic bacteria and wild type
bacteria were prepared by substantially solubilizing the cells
in chaotropic solutions. Thus, the bacteria cultures, in Luria
broth, were added to solid guaaidinium thiocyanate
(GuSCN) to a concentration of SM GuSCN. Tris-HQl to a
conceatration of 0.3M, and EDTA (pH7) to a concentration
of 0.IM. The chaotropic-bacterial soluticns were then
heated to 100° C. for five minutes and cooled. The resultant
enterotoxigenic bacteria extract was serally diluted with
wild type nopeaterotoxigenic bacteria extract. The concen-
tratioo of tox plasmids per cell and the cell aumber in the
extracts were measured by conventional techriques. The
original extracts solubilized in GuSCN coantained approxi-
mately 10° eaterotoxigeaic E. coli per ml and 100 plasmids/
cell.

D. Synthesis of Beads

Retrievable supports were prepared from magnetic beads.
Other retricvable supports include particles, fibers, polysty-
rese beads or other items capable of physical separation
from a medium. Magactic beads were synical scparation
from a medium. Magnetic beads were synthesized with an

TABLE 1
Probe Sequence
A48) AGA CCG GTA TTA CAG AAA TCT GAA TAT ACGC
A3 AGA TTA GCA GGT TTC CCA CCQ GAT CAC CAA
AT26 GTC AGA GGTTCA CAT ATA TAA CAG AAT TCG GGA GGG GG

The probes were synthesized by methods available in the art.
The ourabering system is adapted from the 768 nucleotide
sequence available through Intelligenctics sequeace baak
ECO ELT AL

Of the ten G residues at the 3 prime end of probe A726,
three guanine bases towards the 5° end are capable of binding
to three complementary cytosine bases of the tox geae.
Stretches of three cytosines are common in DNA. The ten
guanine bases form a ligand capable of binding to & poly C
antiligand carried upon a suppart such as oligo dC-cellulose.
However, seven guanine bases will act form a stable asso-
diation with a support at 37° C., particularly if the probe is
bound to target due to steric hindraace and the size of the
target-probe complex. Probe A726 was modified bI the
random addition of approximately three residues of 3IP-dC
and *?P-dG o its 3' end with terminal wransferase.

35

adduct of deoxythymidine of ten base length to allow the
beads to associate with probes tailed with deoxyadenosine in
a readily reversible manner.
~ Thus, 100 ml of beads having amine functional groups
such as BIO-MAG (M4100) beads were washed four times
with 20 mM sodium phosphate (pH 6.7) in four 275 ml
T-flasks. The beads were then washed with 1% glutaralde-
hyde in 20 mM sodium phosphate. Next, the beads were
rescted in 100 ml of 10 percent glutaraldehyde in 20 mM
sodium phosphate (pH 6.7) for three hours at room tem-
perature. The beads were then washed exteasively with 20
mM sodium phosphate (pH 6.7) and thea washed once with
20 M phosphate (pH 7.6).

Separately, a purified ethylene dlamine (EDA) adduct of
pdT,o (BDA-dT o) was prepared in accordance with Chu, B.
C. F. G. M. Wahl, and L. E. Orgel; Nucleic Acid Res. 11,
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6513-0529 (1981) incorpurated by refesence herein. The
cvacenzauon of EDA-JT , was adjusted to | OD/md in 20
mM phosphate (pH 7.6).

The EDA-dT o was cornbined with the magnetic beads to
alow the EDA-AT , to react witlf the free aldehyde groups
of the beads. The mixpure of EDA-JT,, and beads was
divided into a plurality of SO'fl polypropylcae tubes. The
tubes containiag the ceaction mixture and beads were placed
in a tube rotator and agitated overnight at roorm temperature.

Next. the beads were washed five times to remove pon-
covalendy bound EDA-dT o with a wash solutioa of sterile
20 mM phosphate (pH 6.7) in large 275 ml T-flasks and
diluted to 200 ml with the wash soludon.

For storage. beads caa be mainuined for months in a
buffer of 20 mM phosphate. to which is added sodium azide
0 0.1% and SDS to 0.1%. Bead preparations are stored at 4°
C. protected from light.

The beads were thea prehybridized to block nonspecific
binding sites ina buffer. hereafter referred to as “prehybrid-
ization buffer”. of 0.75M sodium phosphate (pH 6.8). 0.5%
sodium lauroy! sarcosine. 10 micyograms/ml E. coli DNA,
0.5 milligram per milliliter mg/ml bovise serurn albumis
(BSA) (Nuclease-free) and 5 mM ethylene-
diaminetetraacetic acid) (EDTA). Before applying the
probes and beads to target capture procedures, two prehy-
bridizations of the beads were performed. The prehybrid-
ization procedure included placing the beads in ten volumes
prehytridization buffer.

The first prehybridization procedure was performed with
agitation at 60° C. The second prehybridization procedure
was performed at room lemperature with swirling. A 0.1
percent isoamy! alcobol solution was added to the solutioas
as a defoamant.

The biading capacity of dT,o-derivatized beads was mea-
sured by the following procedure. In separate vessels, dTy,
and dA,, were ' ead labeled with “?P-dT and 2°P-dA
respectively to a specific activity (Sa) of about 10° dpmv
microgram. Next, the Sa was accurately measured for a
Imown quantity of reacted dT,, by trichloroacedc scld
precipitation.

Next. 5 ug of P-dAy, and § pg of >*P-dTs,, having
substantially identical Sas of betweea 100,000-200.000
dpm/mg. were separately added to tubes cootaining prehy-
bridization buffer and brought to a volume of 1 ml.

A known sample volume of prehybridized beads was
placed into four tubes. Two of the four tubes each receive 0.5
ml of the >?P.dA,, mixture aod the remaining two tubes
receive 0.5 ml of the >*P-dT ,, mixture. All four solutions are
brought to hybridization cooditions for five minutes. The
beads are thereafter immobilized and washed. The activities
of the solutions are then monitored. The total binding
capacity. C. for a quaatity of bead preparation measured in
micrograms is sct forth below:

CalA-TyYX

In the above equation X is the specific activiry of >?PT,,
in cpm/mag. V is the volume ratio of total volume to sample
volurae. A is the average activity of the beads suspeaded in
33p.dA solutions in prm. and T is the average activity of the
beads suspended in Y?PdT solutioas ia cpm.

Those skilled in the art-will recognize that other beads,
particles. laments. and the like can be formulated with
other aucleotide comblaations or homopclymers. For
<xample, polyA-derivized beads were produced by substi-
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tufing (for the purified EDA adduct of JT ) 4 solutiog

containing L) mg poly A (mw >100.000) in 5O mi of 20 mM

sodium phosphate (ptl7.6).

E. Target Capture Procedures
5 Bead preparations were used to capture target polyaucle-
otides. The following scts forth a typical experimental target
capture protocol demoastrating retrievable supports and
reversible captures for purposes of dlustratico. without
limitatios. the procedure will be discussed using a first probe
A483 and a second probe AS32. The first probe, A483. was
randomly 3’ end labeled with >?P-dCTP and **P-dGTP 0 a
specific radioactivity of about 10'° dpm/rog. The second
probe. A532. was trailed with about 70 unlabeled dA resi-
dues by the enzyme terminal transferase.

First. 200 pg/ml of labeled probe A483 and 400 pg/ml of
tailed probe AS32 were mixed with varying amounts of a
" heat-deaatured 475 roe Xba [-HIND II restriction fragment
of the enterotoxin geae at 65° C. for 1S minutes in 1.4M
sodium chloride.

Next. target capture was initiated by contracting the
medium containing the target and probe moicties with an
aliquot of dT o-magactic beads haviog 3 micrograms/ml of
dA,, binding capadty following prehybridization proce-
dures to reduce aonspecific binding to the magaetic bead
The magnetic bead and the probe-target complex was incu-
bated at room temperature in 0.1 ml prehybridization buffer
in 5 ml polypropylene tubes for two to five minutes.

The tubes were placed into a Corning tube magnetic
separator. The Corning tube magnetic separator upon acti-
vation imposes a magnetic field through the polyproplyene
tubes which immobilizes the magoetic beads on the inner
walls of the tubes. During the time that the magnetic beads
are immobilized on the side walls of the polypropyleae
tubes, the original mediurm was removed and discarded.

While immobilized, the beads were washed three times
with 0.6 ml of prehybridization buffer contairing isoamyl
alcohol as a defoamant Following the addition of the
prehybridization buffer, the beads were resuspended by
removing the tubes from the magaetic field and by subject-
ing the medium to vigorous vartexing.

Next, the magnetic field was reapplied to immobilize the
beads allowing the prehybridization buffer to be removed
and discarded. The cycle of adding the prehybridization
buffer. resuspending the beads. immobilizing the beads, and
discarding the prehybridization buffer was repeated twice.
Target-probe cornplexes held on the beads are available for
further processing including additional steps of detection,
background capture or further cycles of target capture.

A preferred target capture procedure includes release of
the target-probe complex and recapture on a second support
Preferably the support is chemically distinct from the first
support.

Release of the target-probe cormplex is effected in the
following typical protocol. After the removal of the last
prehybridization buffer, prehybridization buffer was added
to the tube coataining the beads. The beads were incubated
with agitation at 60° C. for one<wo minutes to release the
probe-target complexes from the bead The magactic sepa-
rator was again activated with the temperature at 60° C. and
the ecluate. containing free target-probe complexes, Is
removed from the tube. The eluate can be recaptured on
additional retrievable supports ar subjected to fioal capture
on coaventional supports. It will be frecognized by those
skdlled in the art that the capture aad release of the target
probe complex from retricvable supports such as the mag-
oetic beads of the preseat example caa be repeated as oftea
as desired o reduce hybridizatioa backgrounds.
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Final captuce of the probe-target cumplex was fypically
peatormed va aitrocellulose filters o aylon membranes
coataining nonspecifically bound or covalently bound
dT-300X). Thus. the target-peobe complexes caried upoa the
maguctic beads were released frum the magaetic beads by
heatiny the beads t0 60° C. in prehybridization buifer for two
minutes. The beads were immobilized and the eluate
removed and passed through a 0.2 micron acrodisc
(Getman) to remove magnetic fines. The nitrocellulose filter
containing dT-3000 selected. bound. and captured the dA tail
on the uolabeled probes.

The use of a chemically different solid support for the
final capture of the target-probe complex avoids bindiag
background molecules which may have a high affinity for
previously used supports. By way of illustration. it is pos-
sible for lower level conaminants with a natural high affnity
for a particular support to repeatedly bind and elute with a
support aloag with probe-target complexes. Such low level
cootaminants cannot be diluted out by repeated use of a
retrievable support of the same composition as completely
as by exposing them to supports of very different composi-
tions. Low level contaminants can also be lowered by
utilizing chemically distinct means to release the target-
probe complexes from supports and recapaure,

F. Background Capture Procedures

Background capture procedures permit the selective
reduction of background noisc permitting the detection of
signal indicative of the presecace of target. Background
capture can be applied in a single probe system or in systems
using more than two probes. For example, in background
capture procedures featuring a single probe, the probe
includes a label moiety and a Ligand. The probe is capable of
binding 1o a target and the ligand is capable of forming 2
stable bond to a support only when the probe is unbound to
target.

Similarly. by way of example. background capture pro-
cedures featuring multiple probes in conjunction with target
capture jnclude two probes. A first target capture probe.
having an unlabeled ligand capable of binding to a first
support is used to capture the target and a second back-
ground capture probe. having a label moiety capable of
detection includes a second ligand capable of binding to a
second background support. Backgrouad capture is a valu-
able supplement to target capture for eahancing the signal to
noise data of an assay.

The followiag sets forth a typical background
protocol using a first target capture probe AS32 and a second
background capture prgbe A726 aod a target enterotoxin
~ geoe elt Al Those skilled in the art will recognize that the
probes used for dermonstration purposes are merely a matter
of choice. Other probes could be used also.

The probe AS32 was tailed with approximately 100 dA
residues capable of reversibly binding to dT, covalently
linked magnetic beads for initial target capture and STy
noaspecifically bound to nitrocellulose far a final target
caapture. The probe A726 was end labeled with the random
addition of approximately three residues of ?P-dC and
*IP-dG to the 3' cod with terminal transferase. The probe
AT26 is capable of binding to dC-ccllulose when the probe
is oot hybridized to target.

A solution contining the target-first and second-probe-
complex aad poteatially containing usbouad second probe
is mixed with dC-cellulose a0d the temperature of the
mixture mainained at 37° C. The temperature, 37° C., is
higher than the dissociation temperature of 4G, with oligo
dC, preveating binding of the target-first and secoad-probe-
vomplex to the dC-cellulose. The temperature is also jowes
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than the dissociation temperature of dGi,,, with wligo dC to
promote binding of unbound sceoad probe having a dG tail
to the JdC-ccllulose. Additional, the targer-fust and second
probe complex is sterically hindered to 4 greater degrecin its
approach to the dC-celluluse support than unbound second
probe. The dC-cellulose containiog the second probe A726
is removed by centrifugation. however. those skilled in the
art will appreciate that other methods such as filtration may
be used as well. The remaining eluate contains target-fiest
and second probe complexes and a reduced conceatration of
unbound labeled sccond probe A726.

G. EXAMPLES

Individual skilled in the art will recogaize that the typical
protocols for retrievabie support preparation. probe
prepanation. target capture and background capture are
capable of modification to suit special needs and purposes.
The following examples incarporate the typical procedures
outlined above unless otherwise noted.

Exampie 1
Target Capture and Assay Using Magaetic Bead

A target capture assay was performed with two probes and
a2 magnetic bead retricvable support. The target included the
Xba 1-Hind III fragruent of the enterotoxigenic gene elt AL
A first probe included an AS32 thirtimer oligonuclectide
probe which was tailed with 130 unlabeled dA residues
capable fo binding to the dT,, residues of the magonetic
beads support. A second probe included an A483 thirtimer
oligonucleotide probe capable of binding to the same target
20 oudeotides downstream from the site of hybridization of
the first probe. The second probe was labeled by tailing the
thirtimer oligonucleotide with **P-dCTP and *?P-dGTPto a
specific radioacitivity of 10'° DPM/microgram.

The tailed first probe and the labeled second probe were
incubated at 65° C. for 15 minutes in 1.4M sodium chleride
with various quantities of heat desatured 475 mer restriction
fragments of the tox gene. As a ponspecific binding back-
grouad coatrol. the tailed first probe and labeled secoad
probe were incubated in ideatical solutioas in the absence of
any target. As specific binding controls, two additiopal
reaction mixtures were formed. One reaction mixture
included the tailed first probe and the unlabeled second
probe incubated with four micrograms of denatured 2. coll
DNA. and a second reaction mixture of the tailed first probe
and the labeled second probe incubated in tea micrograms of
denatured human DNA in ideptical reaction mixtures with-
out any target DNA.

After a 15 minute hybridization period. the sarnples were
iacubated for five minutes with dT-derivatized magpetic
beads in 0.7 milliliters of 0.75 molar phosphate buffer (pH
6.8). The beads were magnedcally immobilized and washed
exteasively as described previously. The target-probe com-
plex was eluted from the beads at 60° C. in 0.6 milliliters of
0.20 molar phosphate buffer (pH 6.8). The first set of beads
was scparated from the cluate and the target probe complex.
A secood group of magnetic beads was added to the eluate
and brought to binding conditions to capture the target and
probe complex again. The second set of beads was washed
and the target again eluted from the beads and the beads
separated from the eluate.

A third set of beads was added to the eluate contalning the
target-probe complex and placed under binding coaditioas
to allow the beads to oace again capture the target-probe
cormplex. The beads were thea washed exteasively and the
target cluted from the beads as previously described. The
beads weie then sepacrated from the eluate and the eluate
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passed through dT,u-tylon into twe aullimeter square
slots. capturing the target-prohe complex.

‘The T 4y, nylon membrane was prepared in which 2 Hg
dT ax was covalently bound to aylon using a hybri-slot
3pparatus (Bedesda Research Laboratory). Briefly. dT o0,
(Life Scicnces) was dotted directly onto a aylon membrane
such as Gene-Screea™{Now Englagd Nuclear) in a salt-free
Tris bufer. The roembrane was dried at room temperature
for 10 minutes, and thea dried under an infrared lamp for an
additional 10 minutes before cooling back to room tempea-
ture for another 10 minutes. The filter apparatus cootaining
the nylon membrane was inverted on a uv-gansilluminator
(Fotodyane) and exposed to uv light for two minutes at 40
uW/crn? to cross-link the dT o, to the Alter.

The dT 50, membrane was prehybridized by sequentially
passing the following solutions through the membrane:

(1) 1% SDS; ' -

(2) 0.5 mg/ml BSA in 0.5% SDS; and. finally,

(3) prehybridizatioa buffer

The dT000-ylon potentially containing the target-probe
complex was washed with 0.2 molar sodium phosphate and
5 millimolar EDTA. The nylon support was moaitored
ovemight by audioradiography for the presence of the >?P
label moietics of the second probe. Following
audioradiography. the baads were cut out of the filter and
counted in base scintillation fluid. The counts were 2100 and
1400 counts per minute in the solution coataining three
feratomoles (10™"* moles) of a restriction fragment contain-
ing the tox geae. Saroples containing 30 atomoles (1014
rooles) of the restriction fragment containing the tox gene
produced a count of 62 counts per minute.

A third sample containing 0o DNA produced seven counts
per minute. A fourth sample containing ten micrograms of
heat denatured human DNA produced 0 counts per minute.
A fifth solution containing 4 micrograms of heat denatured
E. coli DNA produced 7 counts per minute. The absoluted
sensitivity of the protocol was estimated to be 10~ of tox
gcae. The overall efficicocy of the recovery of labeled
target-probe complex was estimated to be 1 to 2 percent of
the input. The assay demonstrated good specificity. There is
nomorehbclcdp’obeinﬂxeampluconnininghmn
DNA or E. coli DNA thaa in the sample containing no DNA
at all. Repetition of the experimental protocol has produced
overall efficiency of capture of the target of almost percent.
The procedures reduced background from an initial level of
10'! molecules of the labeled unhybridized probes to about
10* moles. The reduction and background represents a 7 log
improvemeat which more than adequately compensates for
the reductios and efficieacy of caprure.

Example 2
The preseat example features target capture with back-

ground capure. Target 20d background capcure was cffected

wing a0 unlabeled first target capture probe, AS32 as
described in target capture, and a second labeled background
capture probe A726.

First. 160 ng/ml dA-tailed AS32 and 40 ng/mi 3?P-Labeled
probe AT26 were combined to form a probe mix. The probe
mix was added 1o $ pl of bacterial extract containing various
armouats of enterotoxigenic geae. The extract-probe mix was
incubated at 22° C. for 1S minutes.

ARer a fifteca minute hybridization period, the samples
were diluted with tea volumes of prehybridizaton buffer
incubated for five mioutes with dT-derived magnetic beads
in 0.7 ml of 0.75M phosphate buffer (pH 6.8) to effect target
Capwure. The beads were magactically immobilized aad
Washed axtensively. The target-first and second probe com-
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plex was cluted from the first support as previously
desaribed aad the first solid suppurt removed.

Next. the cluate containing the target-first and second.

probe-complex and potentially vonwining unbound second
probe was mixed with dC-cellulose and the temperature of
the mixture maintained at 37° C. The temperature 37° C. is
higher than the dissociation teraperature of dG, with oligo
dC to prevent biading of the target-first and second-probe-
complex to the dC-cellulose. The temperature was also
maintined lower thao the dissociation temperature of 4G, ,
with oligo dC to promote binding of unbound second probe
haviag a dG,, tail to the dC-cellulose. The target-first and
second probe compiex is sterically hindered to a greater
degree in its approach to the dC-cellulose support than
unbound second probe. The dC-cellulose was remmoved by
ceatrifugation. however. those skilled in the art will appre-
ciate that other methods such as filtration roay be used as
well. :
The remaining eluate was passed through a 0.2 micon
acrodisc (Gelman) to remove magaetic and cellulose fines.
Thea. the eluate was passed through nitrocellulose filters
containing dT 00 at 22° C. The nitrocellulose effected final
target capture.

Table 2 sets forth below the application of background
capture:

TABLE 2
Sigml Noise

Step PV (CPM)
Fon Esperiment
Before Target Capture {\known) 200,000
After Target Capeure 1053 pall
After Background Capture 495 25
Al Filtration 393 <1
Seccnd Experiment
Before Target Capture (waknown) 400,000
Afer Target Caprure 1588 642
Afer Background Caphure 1084 &
(Fltrtion step
was oot performed)

The removal of aoise to less than | cpm allows the detection
of very small quantities of target within a sample. As little
as 107'* moles of target have beea detected which is within
the range necessary for clinical applicatioas.

One round of target capture removed about 3 logs of
background. One rounad of background capture removed 1
log of backgrouad oot already removed by the primary target
capture. Final target capture by filtration (a secoad rousd of
target capture) removed 2 logs of background not removed
by cither of the first two steps. Target and backgrouad
capture rethods work independeatly to reduce backgrounds
by about 6 logs in this example. Background capture appears
to work better whea applied after a first target capture.
Apparently. background capture is much more sepsitive to
impurities in the sample than target capture.

The combination of background caprure following target
capture produces a greater beoefit than either applied alone.

Although the foregoing examples recite radioactive label
moletes, it is expected that the present procedure would
have its greatest impact on assay procedures utilizing non-
radioactive label moictles. In particular, the preseat {nven-
tion would be applicable to luminescent label moieties
iacluding Buoresceat and chemiluminesceat ageats. Suitable
Bluoiesccai iabels include, by way cxample without
lirnjtation, Buoroscein, pyrene. acridine, sulforhodamine,

Ex. 2 Pg. 4



' ' ©5.750.338

27
costn. crythensain., and derivauves thercot. Suitable chemi-
lununcscent agents include. by way of example without
Lmitation. microperoxidase. luminol, isoluminol. glucose
anidase. sendinium esters and Jderivadves thereof.

Example-3

‘The following example featuses nonradioactve label moi-
cties and multiple rounds of target capture from spiked
biological media. The spiked biological media resembles
samples which would be obtained clinically in a medical
sefting.

Cell extracts of enterotoxigenic E. coli and wild type E.
coli were prepared as previously described. To measure the
sensitivity of the detection of tox genes in an eaviroament
analogous to a climical setting. extract contining toxigenic
bacteria was diluted with the extract containisg the wild type
£. coli as previously described. .

The following materials were obtained from anoaymous
donors: human stoot sample. cow's milk, humaa saliva.
human phlegm. humaa whole blood. human serum. human
urine and human semes. Clinical-type samples were solu-
bilized over a time period of ten minutes. The stool sample,
due to its solid nature. was solubilized in a solution of SM
GuSCN. 03M Tris-HCl (pH 7.4), 0.1M EDTA (pH 7). 1%
betamercaptoethasol Following solubilization, aliquots of
the sample were made and each aliquot was spiked with a
known quantity of cither toxigeaic £. coli ar wild type £
coli. The mixture was then passed through a crude filtration
(Biorad Econocolumn) and heated to 100° C. for five
minutes.

The remaiader of the samples were moce liquid in nanure
and were handled differeatly than stool. Liquid samples
were added to solid GuSCN to make the final concentration
M. The solid GuSCN also contained sufficient Tris-HCL,
EDTA. and betarnercaptoethanol to make the final concen-
trations the same as in the stool example. Next. aliquots of
the samples were made and each aliquot was spiked with a
knowa amount of toxigenic E. coli or wild type E. coli The
mixture was passed through a crude fltration (Biorad
Econocoluran and heated to 100° C. for five minutes.

The preparation of probes in Example 3 differs from
previous examples. A first capture probe was geacrated with
the plasmid pBR322. The plasmid was restricted with Hha
T'and Hae I and plasmid fragrents were tailed with about
100 dA residues with termigal transferase. The target plas-
moid contains exteasive homology with pBR322 (Spicer and
Noble. J. Biol. 257: $716-21). Thus. first capture probes
were geaerared from mdltiple fragments of both strands of
the plasmid pBR322 in relatively large quantitics.

A sccond label probe was made to combine specifically to
the target enterotoxin gene. The secoad label probe was
generated from an EcoRI-Hind [ restriction fragroeat of the
elt Al geae cloned into bacteriophage M13mp!8. The E. coll
HBLOL was infected with the bacteriopbage and grown to
midlog phase. The E. coll were harvested, and the bacte-
riophage were isolated. Bacteriophage was nick-translated
with biotinylated dCTP (Eszo-Biochemicals) using a stock
nick-translation kit available from Bethesda Research Labo-
ratories. Approximately five percent of the aucleotides were
replaced with biotinyl nucleotides to form a biotin-labeled
sccoad probe.

A probe mix was made by combining 8 ug/ml of the
second M13-tox probe with 4 pg/ml of the first dA-tailed
first probe in 20 mM Tris-HQL (pH 7.4) and 2 mM EDTA.
The probe mix was heated to 100° C. for ten minutes to
denature the probes.
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One volume ol the probe mix w.ts mixed with ane volume
of samiple of the dilution series o form a hybridization
muixture. The hybridization mixture was maintaiged under
hybridization conditions at $§7° C. for fiflecen minutes. The
hybridization mixtures were subsequently diluted with tea
volumes of blocking buffer 0.7SM sodium phosphate. pH
6.8. 0.5% sodium lauryl sarcosine. 10 mg/ml £. coli DNA.
0.5 mg/ml bovine serum albumin (BSA-auclease free) and
S mM EDTA). To the hybridization mixture were added
dT o derivized magnetic beads prepared as previously
described. Hydridization conditions were maiotaiged
spproximately oae minute at 22° C. The beads were then
separated from the hybridization mixture by magaetically
immobilizing the beads. The beads were washed twice
during a fiftcen miaute time interval to remove impurities in
the biological specimen and unhybridized biotin labeled
second probe. .

Next. in a time period of approximately one minute, the
first and second probe-target complex was eluated from the
magoetic beads at 65° C. in blocking buffer. The eluate and
the first beads were separated

In a time period of approximately seven minutes. the first
and second probe-target complex was releasibly bound to a
second set of beads and again released. A second set of dT,o
derivized beads were then added to the eluate and hybrid-
ization conditicns maintained for approximately ‘one minute
at 22° C. The beads were thes washed and resuspended in
biocking buffer. The bead blocking buffer mixture was theg
brought to 65° C. to release the first and second probe-target
complex.

Over a time period of five minutes, final capture of the
first and secoad probe-target complex on nitrocellulose was
effected. The eluate from the second beads was filtered
through 2 Gelman acrodisc (0.2 micron). The eluate coa-
taining the first and second probe-target complex was then
passed through a dT,0n nitrocellulose filter (prehybridized
with blocking buffer) at 22° C.

In a time period of approximately thirty minutes the filter
was further processed to detect the biotin labels of the
sccond peobe. Buffer compositions used in detection are
identified below in Table 3.

TABLE 3
—Detection Buffers

Bulfer
Nuraber Compositioa

1 M NoCL 0.1 M Tris-HC! (pH 7.4), S mM M;gCl,,
0.1% Tween-20

No. | with § rag/ml BSA, 10 microgramvm!

E. coli DNA

No. | with 5% BSA, 0.5% Tweeo-20

0.1 M NaCL 0.1 M Tris-HCl (pH 9.5), 50 mM MCl,

la

First, the fllter carrying the first and second probe-target
complex, was incubated far approximately five minutes in
detection buffer No. 2. Next, the fllter was incubated for five
minutes in a 1:200 dilution of strepavidin-alkaline phos-
phatase (Bethesda Research Laboratories) in detection
buffer No. {a. Thereafier, the filter was washed three times
in onoc minute in detection buffer No. | and then washed
twice in one migute in detection buffer No. 3.

Next, 5-Bromo—4-chlaro-3-indoly! phosphate (BCIP) and
nitroblue tetrazolium (NBT) (Kierkegaard and Peary) were
diluted twelve dmes in detection buffer No. 3, and fAltered
through a 0.2 micron acrodisc. The diluted BCTP and NBT
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solution was added to the filter and color allowed to develop
for fiteen minutes az 37° C.
Next. the filter was iocubated in 30 mM Tris-HCl (pH 7.4)
+and 10 mM EDTA for one minute to stop the reaction.
Seasitivicy was determined visually on the filter or by
densitoreuric scanaing oa a CS 930 (Shimadzu Scientific).
The steps in the preseat ‘method are outlined below in
Table 4.

TABLE 4
Blapaed Time
Tune Cumnlative
Required  Timed
Step Number (min.) (min.)
1. Dissolutica of biological sampie; 10 10
deoanmution of DNA
2. Add tabeled and unlabeled prob 13 -
hybeidize ia sobstion at $7° C.
3. Capnare probe-targst complax ! %
on magnetic beads
4. Wash magnetic beads © remove 13 41
impurities i the biological ¢
specimen and bybridization
b
S. Elute the probe-target complax 1 42
6. Repest steps 3-3 on a second 7 »
set of boads (except abbreviae
the washes)
7. Bind the probe-tarpet compler © 3 54
dT sooe-itrocaliuloss
8. Incubets fikter in biocking baffer 3 »
9. Bind streptavifin-alialine phosphatase s 64
10. Wash s (-]
11. Add dyes 10 demct omyme 15 s
12. Quench reaction 1 L Y

Although Table 4 set forth an example wherein the
elapsed tirne is just over one hour, the procedure is capable
of modification and can be perfarmed in shocter times.
Noaradiocactive probe assays of comparnbie seasitivity may
require twelve hours to several days aad require exteasive
samople preparation.

The seasitivity of the present assay is set forth in Table S
below: .

TABLE §
Seagitivicy Lave]
- Concentration
B the

Biological Hybridization Number of
Specimen Mixeure Bacteria
bacterisl extract 2ione 1500
bumaa stool 23% (wiv) 2000
cow's milk 12.5% (viv) 3000
boman miiva 12.5% (wv) 3000
human orine 12.5% (wiv) S000
laxnan semeq 2.5% (viv) S000
bumnaa blood 12.5% (wv) $000
banan serum 12.9% (wv) $000
anan phiegm 12.59% (wv) $000

Further, the present procedures are apable of further
modifications to improve seasitivitles. For exarunple, a com-
binatioe of thermal elution and chemical elutioa in roultiple
caprured release cycles produces a sigeal to noise ratio five
tmes befter than single forras of elutlon, elther multiple
thamal elutions aloae or multiple chemical elutions aloae.

Applying the sare releasing or elution procedure tends to
release the same background from the suppart. However,
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applying Jduferent reteasing coaditions tends to rewin back.
ground on the support that would otherwise be eluted. It is
unlikely that background will behave identically to larget
under two physically or chemically distinct conditions,

A typical chemical clution of target-probe complexes on
magnetic beads iacludes bringiog beads in contact with IM
GuSCN for oae minute at room temperature, Examples of
thermal clutions have been described previously. '

The ability to detect bacteria would also be improved by
disecting probes to ribosomal RNA sequences. Ribosomal
RNA sequences present to thousand fold increase in target
per cell as compared to gesomic DNA and clinically sig-
nificant plasmid DNA.

The seasitivity of the above DNA or RNA target capture
methods can be enhanced by amplifying the captured
nucleic acids. This can be achieved by aon-specific replica-
tion using staodard cazymes (polymerases asd/or
traoscriptases). After replication. the amplified aucieic scid
can be reacted as above with capture probe. reporter probe,
and capture beads to purify and then detect the amplified
sequences.

In additon, where amplification is employed following
purification of the target audeic acids as described above,
the amplified nucleic acids can be detected according to
other. conveational methods not employing the capture
probe. reporter probe, and capture beads described above,
i.e.. detection can be casried out in solution or on a support
as in standard detection techniques.

Amplification of the target nucleic acid sequences,
because it follows purification of the target sequences. can
employ noo-specific eazymes or primers (ic.. enzymes or
primers which are capable of causing the replication of
virtually aoy gucleic acid sequence). Although any
background. noo-target. nucieic acids are replicated along
with target. this is not a problem because most of the
background nucleic acids have been removed in the course

 of the capture process. Thus 00 specially tailored primers are

needed for each test. and the same standard amplification
reageats can be used. regardiess of the targets.

The following are examples of the method.

Example 4

The following example illuszates the usc of RNA poly-
roerase to amplify target DNA captured by a method which
is a variation of the capture method discussed above.

Referring to FIG. 4, target DNA of a sample is first
reduced in size by sheariag or by limited nuclease digestion,
according to staodard methods. A recA protein coated cap-
ture probe is thea added to the digested target DNA (Proc.
Nail. Acid. Sci. US.A. (1986) 83:9591) The recA protein
coated probe cootains a nucleic acid sequence (a) that is
homologous to a first target (a') sequence of the target DNA,
as well as a homopolymer sequence homologous to & nueleic
acid sequence on a capture bead. This capture bead is thea
2dded to the mixture to isolate and purify the target aucleic
acid, as described above.

The capture DNA is amplified by treatment of the mixture
with £. coll RNA polymerase lacking sigma subunit, Le.,
core cozyme; E. coli RNA polymerase is described by R.
Burgess In RNA Polymerase, Cold Spring harbor press, pp.
69-100. and can be purchased from New England Biolsbs,
Beverly. Mass. The sigrma subuait is temoved according to
the procedure described in J. Biol. Chem (1969) 244:2169
and Nature (1969) =221=:4]. Other phage or bacterial RNA
polymerases that lack traascripdonal specificity cag aiso be
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wsed. Core enzyme is added together with nuclectide aiph-
asphites and 3 low salt ganscription butfer such as Jescribed
in Eur. J. Biochem. (1976) 65:387 and Eur. J. Biochem
(1977) 74, 1107. ’

A suitable nucleotide tiphosphate/ransaription buffer
solution has the following compdsitivn:

0to 50 mM NaCl or KCI.. - -

25 mM Tris HCI pH 7.9 buffer

10 mM MgCl,

0.l mM EDTA

0.1 mM dithiothreital

0.5 mg/ml BSA

0.15 mM UTP. GTP. CTP. ATP

The resulting non-specific traascription of the target DNA
produces many RNA transcripts of the target DNA which are
then captured using 3 capture probe containing a sequence
(b*) horologous to a sequence (b) of the RNA
A reporter probe coataining a sequence (c') homologous to
another sequence (¢) of the RNA ranscript is then used for
detection.

Example §

b

to

13

2

z===>>In this example both non-specific replication of target 5

[
Vo

‘DNA and transcripton of that DNA are used to amplify
c'abtyre\targ'et DNA. " -

Referring to FIG. 8. depatured sample DNA is captured as
described above and the cazyme DNA polymerase (for
exarople, Klenow fragment; Duwr. J. Biochem. (1974) 45.623
available from New England Biclabs), random oligohex-
amer primers (Le.. Hexamers prepared to contain randomly
selected bases at each oucieotide position in the hexamer)
and deoxynucleotide triphosphates are added in appropriate
buffers to cause replication of target DNA to form additional
double stranded DNA. Suitable oligohexamer primers are
available under catalog No. 27-2166 from Pharmacia. Inc.
Piscotaway. NJ. A suitable deoxyaucleotide triphosphate/
buffer solution has the following composition:

66 mM glycine-NaOH buffer, pH 92

6 mM MgCl,

i mM I-mercaptoethonal

30 mM each d CTP, d GTP, 4 TTP, d ATP

0

3s

-Because the primers are random, some will, simple as a

miatter of statistics, bind to and cause replication of sample
sequences, no matter what those scquences are.
(Alternatively. the double stranded DNA can be forraed by
synthesis starting from cpture probe a.) RNA polymerase
lackifig sigma subunit is then added along with aucleotide
triphosphates and low sajt transcription buffer. Transcription
from the target DNA (which has beeq jncrease d in aumber)
produces many RNA copies of this DNA. The RNA trao-
scripts are then captured and detected as in example 4.

Example 6
In this example target DNA is np9aw4 using DNA

" polymerase.

/

Referring to FIG. 5. sample DNA is'denatured. reduced in
size and captured as described
polymerase, for example; Klesow fragment, aad deoxy-
aucleotide triphosphates are added in appropriate baffer with
random hexamer oligonucléotides to bring about non-
specific double-stranded DNA syatheses. The (a vizo sya-
thesized DNA product is'then made single stranded by heat
@eatueat (e.g.. 100° C. for three minutes), of its equivaleat,
and additional DNA polymerase is thea added 1o replace that
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teadered inactive by the heat weatment. Further in vigo
DNAreplicaton then is allowed 10 occur. The heat Teatment
and polymerization reactions are repeated about 10 times to
produce an approximately 1.000-fold increase in the level of
target DNA. The replicated DNA is denatured in vito using
heat or alkali and then caprured and detected as described

previously.

Example 7

In this example. (RNA or RNA transcribed from target
DNA is purified using a capture probe. described above. The
hybrid duplex is thea denatured and single sranded Bucleic
acids are then replicated aou-specifically using QP replicase
(methods in Enzymology (1979) 60:628. This replicase
replicated both messenger RNA aad ribosomal RNA gon-
specifically under the conditions described by Blumental, -
Proc. Natl. Acad. Sci. U.S.A. 77:2601. 1908 Because the
replication product is a template for the enzyme, the RNA is
replicated expoaentially. .

While preferred embodiments have been llustrated and
described. it is uaderstood that the present inveation is
capable of variation and modification and. therefore, should
Dot be limited to the precise details set forth. but should
include such changes and alterations that fall within the
purview of the following claims.

We claim:

1. A method for amplifying a target polynucleotide con-
taiaed ia 2 saruple comprising the steps of:

(a) contacting the sample with a first support which binds

to the target polynucleotide;

(b) substantially separating the support and bound target

polynucleotide from the sarople; and

(c) amplifying the target polynucleotide.

2. The method of claim 1 wherein the first
retrievable.

3. The mcthod of claim 1 wherein the first suppart
includes a probe which binds with the target polynucleotide.

4. The method of claim 1 wherein the target polynucie-
otide is amplified with a polymerase.

S. The method of claim 4 wherein the polymerase is a
DNA polymerase, an RNA polymerase, a transcriptase or
QP replicase. .

6. The method of claim 4 wherein the target polynucdie-
otide is 2 DNA polynucdieotide and the potymerase is a DNA
polymerase.

7. A method for detecting a target palynucieotide con-
tained in 2 sample comprising the steps of:

(a) contacting the sample with a first support which binds

to the target polynuclectide;

(b) substantially separating the first support and bound

target polynucleotide from the sample;

(c) amplifying the target polynucicotide; and

(d) detecting the preseace of the amplified target poly-

sucleotide.

8. The method of claim 7 wherein the first support is
tetrievable.

9. The method of claim 8 wherein the first support
includes 2 probe which binds with the target polynuciectide.

10. The mcthod of claim 7 wherein the target polyaucle-
otide is amplified with a polymerase.

11. The method of claim 18 wherein the polymerase is a
DNA polymerase. an RNA polymerase, a traascriptase or
QB replicase.

12 The method of claim 11 Wherein the target polyaucle-
otide is a DNA polyaucleotide and the polymerase is 3 DNA
polymense.

support s
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13. The methid of claim 7 wherein the amplified target 27. A fticthod for 4mplifying 2 arget polynucleotide
polynucleoude is contacted with 3 [abel. contained in 3 sample medjym comprising the steps of:
t4. The method of claim 7 wherein the amplified target (4) conlacting the sample medium with feagent compris.
pulynucleotide is contacted wiﬂr‘a.l_abcled probft. ing a first nucleic acid probe which binds to the target
15. The method of claim 7 whetein the amplified target g to form a probe-target complex: :
E?l‘);m:‘:l:;’“e l‘ﬁ;":':::;:":g;n: c’f:o:,“d‘: support which (b) contacting the sample medium with 3 support which
inds to the amplifie . binds to ¢ leic aci .
16. The method of claim 1S wherein the amplified target c::n;';_he fizst aucleic acid probe of the probe-target

lynucleotide is contacted with a labeled probe. . .
poly7. The method of claim 16 whereia the target polyoucle- (¢) substandially separating the support and bound probe-
to target complex from the sample medium:

otide is aroplified with a polymerase. A
18. The method of claim 17 wherein the target polynudle- (d) costacting the suppart and bound probe-target com.
Plex with 3 second medium; *

otide is 3 DNA polynucleotide and the polymerase is 2 DNA

polymerase.

19. A method for detecting a target polyaucieotide con-

tained in a sample comprising the steps of:

(2) contacting the sample with 3 first support which binds
to the target polynucleotide;

(b) substantially separating the first support and bound
target polynucleotide from the sample;

(d) meaans for labeling the amplified target polyaucleotide.
21. The kit of cdlaim 20 wherein:

(a) the means for substantially separating the target poly-

bucleotide from the sample include a first support;

(b) the means for amplifying the target polynucleotide
include & polymerase:;

(c) the meaas for binding that amplified target polynucle-
ot.idetououdsnppmincmdeaapunpmbewhhb
binds to the solid mppatandtomempliﬂedwgd
polynucleotide; and

(d) a detector probe for labeling the amplified target
polyaucieotide.,

22. The kit of claim 21 further comprising a capaure probe

which binds to the first Support and to the target.

23. The kit of claim 22 wherein the polymerase is a DNA

polymerase and the detector probe is labeled,

24. A kit for amplifying a target polyuucleo_ddc coatained

in a sample comprising:

(a) means for substantially scparating the target paly-
sucleotide from the sample and
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(¢) releasing the probe-target complex into the second
roediurg; :

(f) substandally scparating the suppact from the second
medium; and '

(8) ampiifying the target polynucleotide.

28 A method for detecting a target polyaucleotide con-

ined in a sample medivm comprising the steps of:

(c) amplifying the sample with a DNA polymc.nse;_ ® (2) contacting the sample medium with reageat compris-
d cont;cti.ng the unh;:gegml:?e; pzzn:;l;zgi: ':: ; ingf a first aucleic acid ptobcleuch binds to the target
second support w to form a probe-target co ex;
polynucleotide and also with a labeled probe which ®) conucn'ngp the ::ple m?:.ium with 2 support which
binds to the amplified target POlYlIuc.lctidc; and 23 binds to the first aucleic acid probe of the probe-target
() detecting the presence of the amplified target poly- complex;
aucleotide. c) substant separating the su and bound probe-
20. A kit for d?fcn:nt a target polynucleotide contained in ¢ )urgcz coma{,plycx g:: mg nmplsz:cndium; P
a sample compmm' gb nti ng the targer ) (d) contacting the Support and bound probe-target com-
@ n:lcantsld og_ u :h tl!yltepm_ 8 the target poly- plex with a second medium;
(b)“:'nc::s -r:‘ :m’;uf;m’: ‘Pm:;.ma polyaucleotide: (e) redl‘gasinx the probe-target complex into the second
g medium;
(c) raeans for bmdu:g the amplified target potynucieotide () substantially separating the suppart from the secoqd
to a solid support; and medium;
3s

(8) amplifying the target polyaucieotide; and

(h) detecting the preseace of the target polynucieotide.

29. The method of detecting a target polynucleotide of
claim 28 whercin the target polyaucieotide is amplified with
2 polymerase.

30. The method for detecting a target polynucleotide of
claim 29 wherein the polymerase is a DNA polymerase, an

transcriptase, or QP replicase.

31. The method for detecting a target polysucleotide of
claim 30 wherein the polymerase is a DNA polymerase.

32. The method for amplifying a target polynucieotide of
claim 27 wherein the target polynucleotide is amplified with
a polymerase.

33. The method for aoplifyiog a target polynucleotide of
claim 32 wherein the polymerase is a DNA polymerase.

3. A rethod for amplifying a target polyaucleotide
cootaincd in a sample reedium comprising the steps of:

(a) contacting the sample medium with o support and a

probe which binds to the target polynucleotide and the
support;

(b) rocans for amplifying the target palynucleotide, 3 (b) substandally separating the support and boond probe
25. The kit of daim 24 wherein: and target polynucieotide from the sample medium;
(a) the meaos for substantially separating the target poly- (¢) contacting the support and bouad probe and target
nucleotide from the sample includes a suppart which polyoucleotide with a second medium;
binds to the trget polynucleotde aad 66 (d) releasing the target polynucicotide into the second

(b) the means for amplifying the target polynuclcotide

includes a polymerase.
26. The kit of claim 26 wherein:

() the polymerase is a DNA polymerase; and

(b) the meaas for substantiaily separating the target poly- &s

Qudleotide from the sample [acludes a probe which
biads to the rget polyaucieotide and the support.

rocdium;
() substaatially scparating the support and bouad probe
from the second medium: aad
(N amplifying the trget polyaucleotide.
J5. The method for amplifyiog a target polynucleotide of
claim 34 wherein the target polynucleotde is amplified a
polymerase.
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34. The method for amplifying a target polysucicotide of
claim 1S whereia the polyroerase is 3 DNA polymerase. an
RNA polymerase. a transcriptase of QB replicase.

tained in 3 sampie medium comprising the steps.of:

(a) contacting the sample medlum with a support and
probe which binds © the arget polynucieotide and the
suppart;

(b) substantalty scparating the suppart and bound probe
udmgetpdmdeotuemmeumplemedmm

(c)wumwmmwmawma
polynucleotide with a second medium;

Ex.
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(d) releasing the target polyaucleotide into the second

roedium;

(eysubstantially Scparating the suppoct and bound prode
form the secoad medium:

(D amplifying the
(g)-detecting the
nudleotide.

arget polynucleodde: and

preseace of the amplificd target poly-

39. “The method for detecting a target polynucleotide of

10 Slaim 38 wherein the
a polymerase.

target polyaucleotide is amplified with

40. The method for detecting & target polyaucleodde of
slaim 39 wherein the polymerase is a DNA polymerase.

Pg._ &)



	2001-05-04 Affidavit-submitted prior to Mar 15, 2013

